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OX   THE   GENERAL  RELATIOIS^S   OF   VARIABLE   STAR  PHEXOMEXA, 

By  S.  C.  chandler. 


At  a  receut  meeting  of  the  National  Academy  of  Sciences 
I  invited  attention  to  the  various  relations  which  seem  to  be 
more  or  less  clearly  exhibited  among  the  phenomena  per- 
taining to  the  variable  stars.  Some  of  them  were  pointed 
out  for  the  first  time  ;  others  are  not  new,  but  it  seemed 
useful  to  examine  them  afresh,  in  the  light  of  the  evidence 
of  to-day,  in  order  to  revise  our  notions  of  their  probability, 
as  well  as  to  see  what  significance  they  may  have  when  the 
mutual  connections  of  all  are  considered.  The  basis  of  the 
examination  was  the  catalogue  of  variable  stars  published  in 
1888.  Such  a  review  of  the  subject  does  not  appear  to  be 
superfluous.  Although  the  data  at  hand  are  not  yet  sufli- 
cieut  to  lead  to  numerous  or  vevy  certain  conclusions,  we  are 
justified  in  beginning  that  coordination  of  facts  which  is 
liiicly  to  put  us  in  the  way  of  recognizing  the  laws  govern- 
ing the  iihenomena.  It  is  needless  to  say  that  until  such  a 
foundation  for  a  true  science  of  the  variable  stars  is  laid, 
speculation  as  to  causes  is  entirely  premature. 

In  undertaking  a  comparison  of  the  various  phenomena  of 
the  variable  stars,  the  most  natural  investigation  to  start 
with  pertains  to  that  set  of  relations  which  spring  from  the 
fact  of  periodicity  ;  namely,  the  coordination  of  the  lengths 
of  the  periods  with  the  numbers  of  the  variables,  with  their 
color,  with  their  range  of  fluctuation,  with  the  forms  of  their 
light-curves,  and  with  the  irregularities  of  their  periods  and 
of  their  liglit-variations.  The  limited  number  of  the  objects 
to  be  compai'ed,  and  our  ignorance  of  the  elements  men- 
tioned for  many  of  them,  greatly  restrict  the  certainty  of  our 
conclusions,  but,  from  what  follows,  the  existence  of  certain 
of  tiiese  relations  appears  beyond  doubt.  I  proceed  to  take 
tliem  up  in  their  order. 

The  deviation  from  uniformity  in  llie  numbers  of  the  vari- 
ables with  respect  to  their  periods  long  ago  appeared  ;  at  first 
obscurely,  afterwards  with  increasing  emphasis  as  the  data 
waxed  in  volume,  until  it  can  no  longer  be  regarded  as  a 
chance- relation  merely,  but  as  having  a  real  connection  with 
tlio  nature  of  things.  The  basis  of  this  inference  is  the  fol- 
lowing table,  containing  three  classifications  ;  the  first,  iiv 
ScuoNFEi.i)  in  1863,  with  the  71  periods  then  known  ;  the 
second,   with  the   101   certainly  determined  periods  of  his 


catalogue  of  1875  ;  the  last,  with  the  160  periods  of  my  cata- 
logue. 

Liniits  of  period  1863         1875  1888 

Under  20  days      7     13     2.5 
Between  20  and  50  " 


50  " 

80 

80  '• 

110 

110  '' 

140 

140  " 

170 

170  " 

200 

200  " 

230 

2.30  " 

260 

260  •' 

290 

290  " 

320 

320  " 

350 

350  " 

380 

380  " 

410 

410  " 

440 

440  " 

470 

470  " 

500 

over  500 

14 
11 
7 
4 
2 
2 


The  excess  of  short  periods  is  still  striking,  even  if  we  ex- 
clude the  nine  stars  of  the  Al(iol-t\\te  in  the  first  group.  The 
maximum  for  the  long-period  variables  lies  at  about  -320 
days,  as  appears  from  a  chart  constructed  from  these  num- 
bers. Such  a  distribution  as  is  here  indicated  cannot  be  due 
to  any  circumstance  of  the  method  of  discovery.  On  the 
contrary,  we  can  distinctly  perceive  a  reason  for  a  deficien- 
cy in  the  discovery  of  variables  with  periods  of  about  a 
year.  The  annually  recurring  similar  phases  of  brightness 
of  such  stars  makes  a  condition  which  enal>les  them  to  elude 
detection  for  a  long  sijries  of  years  together ;  as,  for  in- 
stance, where  their  maxima  occur  near  conjunction  with  the 
sun.  The  number  of  variables  discovered,  directly  or  indi- 
rectly, by  observation  in  or  near  the  meridian  is  from  this 
cause  doubtless  greatly  curtailed.  We  may,  therefore,  safe- 
ly infer  that  the  tendency  to  excess  of  number  near  the  an- 
nual period  is  actually  greater  than  apjiears. 

The  fact,  that  a  large  proportion  of  variables  are  more  or 
less  red,  early  attracted  notice,  and  the  existence  of  a  real 
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connection  of  some  sort  between  color  and  v:iriiil)ility  lias 
long  been  commonly  accepted.  While  our  knowledge  of  its 
iiiitiire  is  obscure,  it  may  be  formulated,  perhaps,  in  tiiis  prop- 
osition ;  that  those  stars  who.se  chemical  constitution  !nani- 
fests  itself  to  us  by  redness  of  their  light  are  especially 
inclined  to  oscillations  in  brightness.  To  proceed  further, 
and  examine  the  relation  between  the  degree  of  redness  and 
the  length  of  the  iieriod,  was  an  obvious  step,  attempted  by 
Schmidt  and  the  writer,  independently  and  at  about  the 
same  time,  many  years  ago  ;  but  the  material  by  which  it 
was  sought  to  establish  the  rel.ation  was  unsatisfactory.  A 
series  of  observations  which  I  published  in  No.  186  of  this 
.lournal  remedies  somewhat  the  defect  of  our  knowledge  in 
(his  regard.  I  extract  from  that  paper  the  following  tabu- 
lation, giving  the  average  periods  and  redness,  in  groups,  of 
the  stars  included  in  my  investigation,  adding  in  the  last 
two  groni)s  some  of  .Schmidt's  observations  of  a  few  short- 
period  variables,  reduced  to  the  same  scale  of  redness. 


Number 

Average 

Number 

Average 

of  Stars  Terioci 

Redness 

of  Stars 

Period 

Redness 

4 

517.6 

7.3 

4 

30 /1 9 

4.2 

4 

449.8 

8.1 

3 

299.0 

2.9 

4 

423.4 

6.8 

4 

285.2 

3.0 

4 

408.4 

4.7 

4 

276.1 

3.9 

4 

383.6 

5.5 

4 

269.4 

3.4 

4 

376.1 

3.9 

4 

252.7 

2.2 

4 

364.6 

4.7 

4 

220.7 

2.3 

4 

355.6 

5.1 

4 

203.2 

2.2 

4 

342.5 

3.6 

4 

178.7 

2.0 

4 

333.5 

3.8 

5 

153.0 

1.6 

4 

325.2 

3.1 

5 

49.7 

1.6 

4 

322.0 

3.1 

5 

11.8 

1.8 

4 

315.6 

3.5 

5 

4.3 

1.4 

Referring  to  the  paper  in  question  for  more  particular  re- 
marks, I  will  simply  repeat  the  expression,  in  its  concluding 
par.agrapli,  of  the  opinion  that  "it  may  be  regarded  as  es 
tablished  that  the  redness  of  the  variable  stars  is,  in  general, 
a  function  of  the  lengths  of  their  periods  of  light- variation. 
The  redder  the  tint,  the  longer  the  period.  It  is  needless  to 
point  out  the  significance  of  this  association  of  two  sets  of 
phenomena,  relating  in  all  probability,  one  to  the  dynamics 
of  the  star,  the  other  to  the  chemical  condition  of  its  photo- 
sphere. Its  importance  as  a  touchstone  for  hypotheses  iu 
regard  to  the  causes  of  stellar  variability  is  evident." 

Let  us  now  ascertain  whether  any  systematic  relation  ob- 
tains between  the  range  of  variation  and  the  period.  Un- 
fortunately, we  are  ignorant  of  the  mean  brightness  at 
minimum  iu  the  case  of  more  than  one-half  of  the  jjcriodical 
variables,  being -able  only  to  fix  the  superior  limit  .at  mini- 
mum by  means  of  the  knoWn  limit  of  the  optical  power  of 
the  telescopes  employed  iu  observing  them.  In  many  of 
these  instances,  however,  we  can  make  an  approximate  es- 
timate of  the  mean  minimum  magnitude,  from  a  considera- 
tion of  the  forms  of  the  light-curves  indicated  by  the  obser- 
vations near  the   time  of   disappearance  iu  the   telescope. 


IJut  to  avoid,  as  much  as  possible,  confusion  and  uncer- 
tainty in  our  conclusions,  it  seems  best  to  separate  the  evi- 
dence into  two  classes,  comprising  respectively  that  which 
is  complete  and  reasonably  precise,  and  that  which  is  only 
approximate  and  partly  supposititious  ;  and  then,  by  com- 
parison, see  if  tiie  testimony  of  the  two  correspond.  Ac- 
cordingly, employing  only  those  stars  which  have  both 
maximum  and  minimum  epochs  assigned  in  my  catalogue, 
(13th  and  14th  columns),  taking  for  each  the  mean  range 
between  maximum  and  minimum  brightness  from  the  11th 
and  12th  columns,  arranging  in  order  of  periods  and  group- 
ing,—  we  have  the  results  in  the  table  below,  under  the 
bead  I.  Again,  doing  the  same  for  the  remainder  of  the  pe- 
riodical stars  in  the  catalogue,  we  have  the  results  under  the 
head  II ;  only  in  this  case  the  average  values  of  the  range 
require  some  assumption,  for  many  of  the  stars,  as  to  the 
mean  amount  of  the  descent  below  the  superior  limit  of  min- 
imum magnitude  assigned  in  column  12.  From  careful  es- 
timate, I  believe  it  is  safe  to  infer  that  this  quantity  is  not 
so  great  as  a  unit  of  magnitude,  and  is  more  probably 
nearer  half  a  unit.     The  latter  is  the  value  adopted  in  the 


table. 


I 
Period 

46l'.7 
422.9 
383.1 


345.4 


312.8 


269.8 


Range 

3.75 
4.00 
5.25 


4.28 


4.18 


4.62 


4 

215.5 

3.92 

4 

180.7 

4.67 

4 

136.1 

2.87 

4 

57.5 

1.15 

4 

22.7 

1.35 

4 

8.8 

1.15 

4 

7.0 

1.37 

0 

5.0 

1.04 

II 

No. 

Period 

Range 

4 

602.4 

4.48 

4 

435.5 

4.93 

4 

386.7 

5.65 

4 

374.6 

5.17 

4 

361.5 

4.95 

4 

350.8 

4.90 

4 

338.8 

4.20 

4 

326.2 

4.30 

4 

321.6 

4.62 

4 

315.4 

5.07 

4 

306.2 

4.45 

4 

290.6 

5.10 

4 

283.8 

4.95 

4 

270.1 

5.02 

4 

246.8 

4.95 

4 

229.1 

2.97 

4 

212.0 

4.19 

4 

182.5 

3.50 

4 

142.3 

4.07 

3 

41.1 

1.13 

It  needs  but  a  glance  at  a  chart  constructed  from  these 
tables  to  show  :  first,  that  the  evidence  of  the  two  classes  of 
independent  data  is  in  satisfactory  accord  ;  secondly,  that  a 
distinct  dependence  of  the  range  of  fluctuation  upon  the 
duration  of  the  period  is,  at  least,  probable  ;  thirdly,  that 
this  relation,  whatever  its  true  law,  is  manifestly  not  one  of 
proportionality  of  range  to  period.  Even  if  we  leave  out 
of  account  the  short-period  variables,  say  those  under  100 
days,  these  conclusions  still  hold.     If  a  continuous  line  be 
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introduced  in  the  cliart  to  indicate  tlie  general  course  of 
the  data  of  observation,  the  range  seems  to  increase  up  to 
periods  of  about  a  year,  afterwards  to  diminish  slightly  ; 
but  this  last  feature  is  not  at  all  certain. 

We  now  come  to  the  relations  between  the  forms  of  the 
light-curves  aud  the  periods.  Astronomers  have  long  been 
aware  of  the  existence  of  an  analogy  in  the  light-curves 
which  may  be  defined  thus :  —  by  far  the  larger  portion  ot 
the  periodical  variables  increase  in  light  more  rapidly  than 
they  diminish,  the  only  considerable  class  of  exceptions  to 
this  general  rule  being  the  ^(go^variables.  So  far  as  I 
know,  the  subject  has  not  been  pursued  further,  probably 
chiefly  for  want  of  proper  material  as  a  basis  for  the  exam- 
ination. Thus,  in  Schonfeld's  catalogue  of  1875,  the  max- 
imum and  minimum  epochs  are  both  assigned  for  only 
thirty-one  stars.  In  my  catalogue  I  have  been  able  to  in- 
crease this  number  to  sixty-three ;  which  is  sufficient  to 
warrant  taking  up  the  inquiry.  The  most  suitable  element 
for  investigation  in  this  direction  is  the  ratio  of  the  time  of 
increase  to  that  of  decrease.  If,  therefore,  we  compute  this 
quantity  from  the  data  of  the  catalogue,  for  the  ouly  class 
of  stars  for  which  it  is  practicable  to  do  so,  —  namely,  those 
embraced  under  the  heading  "I"  in  the  foregoing  para- 
graph,—  and  form  averages  of  groups  as  there  indicated, 
we  have  tlie  following  results  : 


0. 

Period 

Ratio  of  Increase 
to  Decrease 

4 

461".  7 

1.055 

4 

422.9 

0.835 

4 

383.1 

0.804 

4 

345.4 

0.536 

4 

312.8 

0.852 

5 

269.8 

0.866 

4 

215.5 

0.8'.)  7 

4 

186.7 

0.900 

4 

136.1 

1.020 

4 

57.5 

0.636 

4 

22.7 

0.609 

4 

8.8 

0.758 

4 

7.0 

0.633 

5 

5.0 

0.656 

Unity,  of  course,  corresponds  to  equal  times  of  increase 
and  decrease,  values  less  than  unity  to  greater  rapidity  of 
increase  than  of  decrease,  and  vice  versa.  The  interpreta- 
tion of  the  results  will  be  more  perspicuous  from  a  diagram 
formed  from  tiiem.  The  first  feature  which  strikes  the  eye 
is  the  strong  suggestion  of  discontinuity  in  the  relation  ex- 
hibited, as  between  tlio  variables  of  long  and  short  period  ; 
and  this  appears  quite  as  forcibly  from  an  inspection  of  the 
ratios  of  the  individual  stars,  as  from  the  mean  values  here 
given.  The  average  ratio  for  stars  with  periods  less  than 
100  days,  is  about  0.65;  between  100  and  200  days,  it' is 
slightly  in  excess  of  unity  ;  it  then  declines  as  the  periods 
lengthen,  at  first  gradually,  but  in  the  neighborhood  of  a 
year  with  extraordinary  suddenness,  recovering  as  quickly, 
until  it  again  exceeds  unity  in  the  group  of  extremely  long 


periods.  That  the  exceptionally,  small  value  for  stars  of  ten 
or  twelve  months  period  is  not  accidental,  is  apparent  by 
the  accordance  of  all  the  individual  ratios  within  this  limit, 
viz  : 

0   Ceti  0.49 

T  Arietis  0.61 

R  Geminoruin  0.41 

R  Canis  mhioris  0.51 

S  Coronae  0.50 

R  Aquilae  0.64 

I  cannot  forbear  the  expression  of  regret  that  fuller  means 
are  not  at  hand  for  more  completely  establishing,  or  of  dis- 
proving, this  most  curious  relation,  and  that  of  the  preceding 
paragraph.  The  defect  can  ouly  be  supplied  by  some  of  the 
larger  telescopes,  taking  up  resolutely  and  systematically 
the  determination  of  the  minima  of  the  fainter  variables  ;  an 
appeal  for  which  research  was  made,  and  the  means  supplied 
to  facilitate  it,  iu  No.  183  of  this  Journal. 

The  last  topic  proposed  in  the  second  paragraph  is  one 
upon  which  our  knowledge  is  not  yet  fully  enough  developed 
to  permit  of  a  general  examination  here.  I  have  now  in 
hand  a  series  of  investigations  upon  the  numerical  laws  of 
the  perturbations  in  the  periods  of  the  variables  ;  a  portion 
of  them  have  already  been  published,  the  rest  will  appear  in 
due  time.  The  discussion  of  these  inequalities,  from  the 
point  of  view  of  tlie  present  paper,  must  await  the  comple- 
tion of  this  work.  Meanwhile  one  remark  on  the  subject 
may  be  ventured  here.  There  seems  to  be  a  significant  dif- 
ference between  the  types  of  irregularities  by  which  the 
long-period  and  the  short-period  variables  are  affected. 
Broadly  characterized,  this  difference  is  that,  in  the  former 
case,  the  irregularities  are  in  general  periodic  in  their  nature, 
aud  seem  to  be  present  in  a  large  majority  of  the  stars  of 
the  class  ;  while  in  the  latter,  they  are  secular,  or  at  least 
operate  in  cycles  covering  incomparably  more  numerous 
single  periods  of  the  star,  and  are,  besides,  exceptional, 
their  existence  being  perceptible  in  proportionally  rare  in- 
stances. It  would  lead  me  too  far  to  particularize  the  evi- 
dence on  which  this  impression  has  been  formed,  and  the 
subject  nnist  be  dismissed  until  it  can  be  taken  up  to  better 
advantage,  with  the  results  of  the  pending  calculations  com- 
pletely before  us. 

A  comparative  review  of  the  previous  results  suggests 
several  interesting  inferences.  In  particular, — noting,  in 
the  first  table,  the  absence  of  stars  with  periods  between  90 
and  120  days  (the  only  one  in  the  group,  U  Geminonim, 
being  in  every  respect  of  an  exceptional  type)  ;  in  the  sec- 
ond the  colorlessness  of  stars  below  the  same  limit,  in  con- 
trast with  the  decided  red  tints  prevailing  above  it ;  in  the 
third  and  fourth  the  sharp  contrast,  below  and  above  the 
same  point,  in  the  avenige  range  of  fluctuation,  and  iu  the 
1  character  of  the  light-curves,  respectively  ;  and  tiually.  the 
apparently  typical  differences  in  the  inequalities  of  perio«l, 
,    alluded  to  iu  the  previous  paragraph  ;  it  is  hard  to  resist  a 
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strong  conviction  that  the  underlying  phenomena  are  essen- 
tially heterogeneous,  and  that  the  designation  commonly 
employed,  for  convenience  of  arbitrary  classification,  of 
long-period  and  short-period  variables,  marks  a  real  distinc- 
tion in  the  fundamental  nature  of  the  objects  themselves, 
and  that  the  variations  of  light  in  the  two  eases  arise  from 
causes  totally  diverse.  If,  with  more  abundant  means  than 
we  now  possess,  this  proposition  is  confirmed,  a  natural 
classification  will  result,  by  which  we  can  distinguish  real 
differences  of  type,  as  sharply  as  we  now  do  the  stars  of 
the  Al(j(tl-ty\)0  from  the  other  short-period  variables. 

The  conclusion  here  drawn  may  perhaps  be  regarded  by 
some  as  obvious,  or  already  so  highly  probable  that  this 
statement  of  the  grounds  for  it  is  unnecessary.  This  does 
not  seem  to  be  at  all  so  to  me,  however,  but  the  hypothesis 
appears  to  be  a  reasonable  one  for  future  trial. 

The  inquiry  as  to  the  existence  of  peculiarities  in  the  ag- 
gregation of  the  variables  is  a  tempting  path,  the  explora- 
tion of  which  may  be  of  some  little  use  if  we  keep  away 
from  its  pitfalls.  But  the  range  of  our  present  outlook 
must  be  greatly  extended  before  deductions  can  be  worth 
much.  The  distribution  of  the  known  v.ariables  over  the 
face  of  the  sky  is  far  too  likely  to  be  fortuitous,  even  if  all 
could  be  used  ;  and  yet  a  considerable  proportion  of  the  whole 
number,  scant  as  that  is,  must  be  excluded  from  considera- 
tion, to  avoid  vitiating  results  by  subjective  errors.  Our 
knowledge  has  been  advanced  very  largely  by  indirect 
causes,  and  not  in  any  such  manner  as  a  systematic  and 
impartial  search  of  the  whole  firmament  would  have  done. 
A  glance  at  the  .accompanying  table,  which  contains  some 
additions  to  the  data  of  the  catalogue,  to  bring  it  to  date, 
will  show  the  impetus  given  by  the  asteroid-search  since  the 
middle  of  the  century,  and  by  the  construction  of  the 
Durrhmusterung  and  the  Uranometriu  Argentina. 


No. 


1572 
1670 
1782 
1809 
18-20 
182.") 
1830 
183.5 
1840 
1845 
1850 
1855 
1860 
1865 
1870 
1875 
1880 
1885 


-  1604 

-  1686 

-  1795 

-  1811 

-  1824 

-  1829 

-  1834 

-  1839 

-  1844 

-  1849  15 

-  18 'a  18 

-  1859  29 

-  1864  30 

-  1869  17 

-  1874  33 

-  1879  14 

-  1884  28 

-  1889  20 


Discoverer  No. 

Gould  23 

Hind  21 

Argelander  1 7 

Schmidt  17 

Peters  1 7 

Pogson  14 

Baxendell  14 

Schonfeld  9 

Sawyer  7 

Espin  6 

Harding  5 

Dun^r  5 

Chandler  5 

Auwers     .  4 

Winnecke  4 

Chacornac  4 

Hencke  4 

Goodricke,  Pigott,  Krueger,  )     „ 

Palisa  and  Gore,  each          j 

Seven  observers,  each  2 

Various  observers,  each                1 


For  the  brighter  variables,  the  labors  of  Gofi.i)  have 
within  a  few  years  placed  tlie  southern  on  an  equality,  at 
least,  with  the  northern  sky,  although  the  latter  has  been 
scanned  by  many  observers  for  more  than  a  century  ;  but 
the  thoroughness  of  the  gleaning  of  the  two  hemispheres  for 
the  telescopic  stars,  on  the  contrary,  has  been  as  widely 
different  as  could  well  be.  Certain  minor  causes  also  op- 
erate towards  a  factitious  groujiing  and  to  mask  any  real 
laws  of  arrangement  that  may  exist.  However,  I  have 
thought  it  worth  while  to  study  the  subject  somewhat,  con- 
structing for  tiie  purpose  two  stereographic  hemispiierical 
projections  containing  all  the  known  variables,  distinguished 
by  convenient  symbols  for  the  various  classes.  Tlie  pro- 
jections are  on  a  plane  perpendicular  to  the  galaxy,  whose 
north  pole,  successively  investigated  by  W.  Herschel,  Ak- 
GEi.ANUEK,  Houzeau  and  Gould,  was  taken  for  1855  at 
R.A.  =  12''  40"',  Decl.  =  +27°  30'.  The  median  line 
of  the  galaxy  is  the  equator  of  the  projection,  and  the  gal- 
actic longitudes  are  counted,  in  the  accompanying  tabula- 
tions, from  the  ascending  node  of  the  galaxy  upon  the  ter- 
restrial equator,  i.e.,  from  RA  :=   18''  40'". 

For  the  following  classifications  we  must  exclude  that 
region  of  the  sky  below  the  mean  southern  horizon  of  the 
generality  of  observers.  This  region,  roughly  described, 
embraces  longitudes  210°  to  330°  south  of  the  galaxy,  and 
a  somewhat  smaller  average  range  for  the  belt  between  the 
galaxy  and  30°  north.  We  also  drop  all  the  stars  discov- 
ered by  recognized  finders  of  asteroids,  lying  along  a  narrow 
belt  near  the  ecliptic. 

The  following  table  gives,  under  the  he.ad  I,  in  groups  of 
galactic  polar  distance  20°  broad,  the  distribution  of  the 
variables  between  330°  and  210°  longitude,  not  including 
what  may  be  called,  for  brevity,  the  asteroid  class,  or  the 
short-period  variables,  belonging  mostly  to  the  brighter 
magnitudes  ;  and,  by  the  side  of  these  numbers,  the  ratios  of 
density,  R',  relative  to  that  of  the  middle  group  (80°  —  100°), 
which  is  taken  as  unity.  Under  the  head  II  are  given, 
for  all  longitudes  from  0°  to  360°,  the  numbers  of  the 
short-period  variables  except  those  of  the  Algol-type ;  and 
by  the  side  the  similar  ratios  of  density,  R",  to  that  of  their 
middle  group.  Under  the  head  III  are  given  the  corres- 
ponding ratios  of  density,  D',  according  to  Seeliger,  of 
the  stars  of  the  Durclimnslerung,  for  stars  in  the  limits  of 
magnitude  6 '".5  -  9 ".5,  and  D"  for  those  brighter  than  6 '".5. 


Galactic 
N.P.D 

o"-  20° 

20  -  40 

40  -  60 

60  -  80 

80  -  100 

100  -  120 

120  -  140 

140  -  160 

160  -  180 


1 

14 
16 
19 
32 
20 


R' 

0.17 
0.87 
0.65 
0.63 
1.00 
0.60 
0.28 
0.31 
0.36 


II 
No.        R" 


0 
1 
1 
3 
16 
6 
0 
0 
0 


0.00 
0.13 
0.08 
0.20 
1.00 
0.40 
0.00 
0.00 
0.00 


D' 

0.35 
0.36 
0.45 
0.68 
1.00 
0.77 
0.47 
0.41 


D" 

0.55 
0.57 
0.64 
0.79 
1.00 
0.91 
0.57 
0.43 
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Comparing  R'  with  D\  and  making  allowance  for  the  un- 
certainty of  the  former  due  to  the  small  numbers  involved, 
there  appears  to  be  no  noticeable  difference  in  the  character 
of  the  two  series  of  ratios ;  from  which  fact  we  may  infer 
that  there  is  no  manifest  tendency  to  a  different  law  of  dis- 
tril)ution  among  the  telescopic  long-period  variables,  from 
that  which  prevails  for  the  stars  of  our  system  in  general, 
in  their  aggregation  with  respect  to  the  Milky  Way.  If, 
however,  we  compare  R"  with  D" ,  the  tendency  to  aggrega- 
tion near  the  plane  of  the  galaxy  is  quite  striking.  It  will 
be  singular  indeed  if  this  should  prove  to  be  merely  acci- 
dental. On  the  charts  this  phenomenon  exhibits  itself  in 
the  shape  of  a  stream  of  short-period  variables,  not  in  the 
course  of  Dr.  Gould's  belt  of  bright  stars,  but  far  more 
nearly  in  that  of  the  Milky  "Way,  adliering  closely  to  the 
southern  branch  of  the  latter  in  its  bifurcation  near  Cygnus. 

A  classification  in  longitude  leads  to  the  following  table, 
the  enumeration  being  made  separately  for  the  two  hemi- 
spheres. Two  maxima  are  here  more  or  less  certainly  marked 
in  both  the  northern  and  southern  groups,  at  30°  and  165° 
longitude,  corresponding,  respectiveh',  to  points  in  the  sky 
near  fJ  Cygni  and  a  Orionis.  It  should  be  noted  that  longi- 
tudes from  200°  to  330°  cover  portions  of  the  sky  where  our 
knowledge  is  defective  south  of  the  galaxy,  but  far  less  so 
north  of  it. 

Cambridge,  1889  April. 


lalactic  Long. 

Galactic  N.P.D. 

0"  -  90° 

90°  -  180< 

0  -     30 

18 

8 

30  -     60 

16 

12 

60  -     90 

9 

10 

90  -  120 

5 

0 

120  -  150 

4 

4 

150  -  180 

13 

9 

180  -  210 

5 

2 

210  -  240 

0 

4 

240  -  270 

3 

5 

270  -  300 

4 

4 

300  -  330 

5 

4 

330  -  360 

9 

0 

There  is  no  inequality  in  the  aggregation  of  the  stars 
in  general,  in  different  portions  of  the  galaxy,  in  a  faint 
degree  approximating  to  this  irregularity  in  longitude 
among  the  variables.  Still  I  will  hazard  no  opinion  on  its 
reality.  Indeed,  for  the  reasons  assigned  above,  we  must 
view  with  distrust  all  inferences  as  to  the  distribution  of  the 
variables,  based  on  our  present  fragmentary  information. 
The  number  of  known  stars  must  be  increased  manifold, 
and  the  growth  must  be  far  more  the  result  of  systematic 
search  for  them  embracing  the  whole  sky,  and  not  depen- 
dent as  in  the  past  on  liaphazard,  — before  the  subject  can 
be  examined  to  any  advantage.  With  the  present  slow  rate 
of  advance  the  epoch  for  this  lies  far  in  the  future. 


FILAR-MICKOMETEK   OBSERYATIOIsrS   OF   C03*IET  b  1889   (BARNARD,  March  31), 


MADE   WITH   THE    12-INCU   EQCATORIAI., 

BARNARD,  Astronomer  of  the  Lick  Observatory. 


The  following  observations  are  in  continuation  of  those 
previously  sent. 

The  comet  was  seen  April  11,  but  was  so  excessively  faint, 
from  moonlight  and  haze,  that  it  is  thought  best  not  to  in- 
clude the  observation  in  this  list. 

Ou  the  15th  and  22d  it  was  very  faint  in  the  haze. 


The  tail  was  very  diHicult  to  measure  on  all  the  dates,  but 
could  be  traced  for  10'  or  15'.  The  nucleus  was  about  13*. 
and  perfectly  stellar. 

It  is  now  cloudy  here,  and,  if  the  unfavorable  weather  lasts 
for  a  week,  the  comet  will  not  be  visible  again,  unless  it  be 
observable  after  passing  the  sun. 


1889  Mt.  Hamilton  M.T. 

* 

No 

■ 

^- 

-* 

^'s  apparent 

log 

pA 

Comp. 

Ja 

Jh 

a 

8 

for  a 

ford 

April    3 

8     9  24 

1 

10 

7 

— 1 

46!50 

—  6  43!3 

>> 
5 

18"'26.'94 

-1-16 

0 

30.9 

9.604 

0.605 

9     1  59 

2 

12 

7 

—1 

31.90 

—  0     4.1 

5 

18  25.37 

+  16 

0 

27.4 

9.658 

0.646 

5 

9   17  45 

1 

8 

8 

—3 

15.54 

—11     3.9 

5 

16  57.87 

+  15 

56 

10.3 

9.674 

0.666 

15 

8  35  48 

3 

10 

6 

-f-O 

9.21 

+  4  23.3 

5 

11  30.65 

+  15 

36 

23.3 

9.673 

0.668 

16 

7  58  39 

3 

17 

5 

— 0 

15.05 

-1-   2  30.7 

5 

11     6.38 

+  15 

34 

30.7 

9.657 

0.649 

17 

8  15  52 

3 

16 

7 

— 0 

38.81 

+  0  32.9 

5 

10  42.61 

+  15 

32 

32.8 

9.619 

0.653 

18 

8     3  58 

3 

12 

7 

—1 

0.50 

—  1    17.9 

5 

10  20.92 

-  +15 

30 

42.0 

9.663 

0.655  ' 

19 

8     1   29 

3 

12 

7 

—1 

21.32 

—  3   10.5 

5 

10     0.09 

+  15 

28 

49.4 

9.664 

0.655  1 

21 

8     5     8 

4 

16 

6 

— 0 

28.14 

—  2  10.4 

5 

9  21.96 

+  15 

25 

7.1 

9.675 

0.676  i 

22 

8  14  41 

4 

16 

6 

— 0 

45.39 

—  4     1.2 

5 

9     4.71 

+  15 

23 

16.3 

9.677 

0.678  ' 

24 

8  13  53 

4 

10 

6 

— 1 

16.84 

—  7  40.1 

5 

8  33.26 

+  15 

19 

37.5 

9.680 

0.688 

8  56  48 

5 

8 

5 

— 1 

45.71 

+   2     2.6 

5 

8  32.94 

+  15 

19 

32.9 

9.688 

0.711 

25 

8  42  57 

5 

8 

6 

— 1 

59.35 

+  0  15.7 

5 

8   19.29 

+  15 

17 

46.0 

9.687 

0.708 

26 

8  19  33 

5 

10 

6 

—2 

12.35 

—  1  31.8 

5 

8     6.27 

+  15 

15 

58.5 

9.684 

0.693 

28 

8  27  50 

5 

6 

4 

—2 

35.89 

—  5  12.6 

5 

7  42.71 

+  15 

12 

17.7 

9.687 

0.705 

29 

8  19  58 

5 

8 

5 

—2 

46.21 

—  7     5.6 

5 

7  31.57 

+  15 

10 

24.7 

9.686 

0.704 
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Mean  Places  for  1889.0  of  Comjianson- Stars. 


* 

a 

Hnl.  t.)                     o 
app.  i)liii'c                ^ 

Ked.  to 
app.  place 

Aiillioiily 

1 

2 
3 
4 
5 

5°  20  14*30 
5  19  .58.19 
5   11   22.51 
5     !)  51.21 
5  10  19.78 

(  — o'.86  ) 

\  —0.89 

—0.86 

!=1:?2! 

—1.11 
(-1.13) 
i  —2.00  1 

+  16°    7  19!5 
+  16     0  35.8 
+  15  32     5.5 
+  15  27  23.0 
+  15  17  35.7 

(  —5.3   ) 
\  -5-3  \ 

—5.3 
f  —5.5  ) 
■    —5.6  j 

—5.5 

{ =" } 

Weisse's  Bessel  V,519  (mean) 
Compared  with  Weisse's  Bessel  V,519 
Compared  with  Weisse's  Bessel  V,346 
Compared  witii  *3 
Compared  with  5|c4 

Determination  of  Ccmpakison-Staus. 


Stars 

No.  Comp. 

J« 

5|<:2  — W.B.,  V 

519 

15  ,  5 

—0   16.11 

5j:3_  W.B.,  V 

346 

6  ,  3 

—2  59.19 

*4  —  *3 

10  ,  4 

—1  31.30 

*5  —  *4 

8  ,  5 

+  0  28.57 

Mt.  Ilaniilton 

1889 

April  23. 

JS 

—6 

43.7 

+  0 

42.0 

—4 

42.5 

—9 

47.3 

April 


Positio> 

-Angle 

OK 

Iail. 

3"  9" 

80°  0' 

3  observations 

17  9 

75  0 

3 

18  9 

78  3 

3 

21  9 

75  5 

3 

OBSERVATIONS    OF    COMET  &  1889    (BARNARD,  March  31), 

MA1>K   WITII    THE    15-INCII   KQlIATOlilAI.    OF   THE   HAUVAUD   COLLEGE   OBSERVATOKY, 

By  O.  C.  WENDELL,  Assistant. 
[Communicated  by  Professor  Edward  C.  Pickeuing,  Director.] 


1889  Greeuwicli  M.T. 

* 

No. 
Conip. 

/Ja 

-* 

IS 

^'s  apparent 
a             i               8 

log 
for  a 

for,) 

April     2   13  38  28 

6   13   16  24 

19  13  18  42 

23  13  11   28 

1 
2 
3 

4 

5 
5 
5 
5 

—0™  55/25 
+  0  24.99 
—4  18.97 
—1   56.84 

—  4  16.1 

—  6   16.5 

—  2  20.8 
+  13   12.8 

5  19   18.13 
5   16  24.41 
5  10     1.55 
5     8  49.42 

+  16     2  58.1 
+  15  54  32.6 
+  15  28  57.3 
+  15  21  36.4 

9.614 
9.612 
9.649 
9.652 

0.695 

0.694 

0.733 

1   0.738 

Mean  Places  for  1889.0 

of  Comjy 

arison-Stars. 

* 

a 

Red.  to 
app.  place 

8 

Ked.  to 
app.  place 

Authority 

1 
2 
3 
4 

5  20  14.22 
5  16     0.34 
5   14  21.61 
5   10  47.38 

—0.84 
—0.92 
—1.09 
—1.12 

+  16     7  19.4 
+  16     0  54.5 
+  15  31  23.6 
+  15     8  29.1 

—5.2 
—5.4 
—5.5 
—5.5 

Weisse's  Bessel  V,  519-522 
"             "       V,  392,  393 
"             "      V,  346 
"      V,  240 

ELEMENTS  AND   EPHEMERIS   OF   COU^T  b  1889  {BARXARD.  March  31), 


By  W.  W.  CAMPBELL. 


From  the  mean  of  two  Lick  observations  March  31,  Vien- 
na April  8,  and  Ann  Arbor  April  20,  I  have  computed  the 
followiusr  elements  and  ephemeris  of  Comet  6  1889. 

T 

—  0Q/|0   ^1^1   ^,^"^ 

tic  and  Mean 


9, 

i 
log  (J 


Greenwich  M.T.  June  7'". 6547 
234°  55'  54"')  ^  ,.  ,. 
310    51    44    il'^'?^"     ,«,,^ 
163    53    19    j  t,q»>"o^  1889-0 

0.35437 


Obs.-Comp. 
cos^'j;.'=   +4".l 
Jfi'=  —2  .4 
Ann  Arbor,  1888  ^p?-i7  26. 


Ephemeris  for  Greenwich  Mean  Time. 


1889 

a 

S 

log  A 

logr 

Br. 

April  30.5 

5  7  25 

+  15     9.1 

0.4803 

0.3623 

0.77 

May      4.5 

6  53 

15     1.8 

0.4872 

0.3607 

8.5 

6  34 

14  54.4 

0.4931 

0.3694 

12.5 

6  26 

46.9 

0.4982 

0.3582 

16.5 

6  24 

39.0 

0.5025 

0.3571 

20.5       5  6  30       +14  30.9       0.5061       0.3562     0.70 
[The  brightness  at  the  date  of  discovery  is  the  unit  employed.] 
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OBSERVATIONS    OF    COMET  h  1889    (BARNARD,  March  31), 

MADE   WITH   THE    12-)^rNCH   EQL'ATORIAI,   OK   THE   DETIiOIT   OBSEKVATOItY, 

By  w.  w.  Campbell. 


1889  Greenwich  M.T. 

* 

No. 
Comp. 

z/a 

-* 

^8 

^'s  apparent 
a                       S 

logpA 

for  a            for  A 

April  20  14  21""  49 
22   14  10  25 

3 
3 

6 
9 

+  6""  21'.  68 
+  5  45.84 

—0    5.6 
—3  45.3 

5  9'"4l!28 
5  9     5.43 

+  15"  27    5^9 
+  15  23  26.2 

9.654     0.741 
9.653      0.740 

Mean  Place  for  1889.0  of  Comparison- Star. 

* 

a 

Red.  to 
app.  place 

s 

Red.  to 
app.  place 

Authority 

3 

5  3'"20.'73 

f  — 1'.13  1 
1—1.14  1 

+  1.5°  27'  17'2 

—5.7 

Newcomb  247 

OBSERVATIONS   OF   COMET   1888  III, 

MADE  AT  THE   IIAVEKFORD   COLLEGE   OBSERVATOKY, 

By  F.  p.  LEAVENWORTH. 


1888  Haverford  M.T. 

* 

No. 
Comp. 

Aa 

-* 

.^8 

^'s  apparent 
a           1             8 

logpA 

<or  a          for  6 

Sept.  24"  7"  35""  8 

29  7  54     5 

Oct.     3  7  56  23 

8  8  23  49 

1 
2 
3 
4 

2 
2 
4 
2 

—0  23.88 
+  0  16.85 
—3  46.44 
+  1  52.88 

—10  55.4 

—  7  24.5 

—  5  32.0 

—  4  29.1 

15     9  19.28 
15  27  25.29 
15  40  31.90 

+  18  58  59.6 
+  15  26  50.9 
+  12  48  36.7 

9.655 

9.584 
9.602 

0.665 
0.700 
0.714 

- 

Mean  Places  for  1888.0  of  Comparison- Stars. 


* 

a 

Red.  to 
app.  place 

8 

Red.  to 
app.  place. 

Authority 

1 

2 
3 

15     9  43.12 
15  27     8.22 
15  44  18.08 

+  o'.04 
+  0.22 
+  0.26 

+  19     9  46.0 
+  15  34     6.7 
+  12  54     0.0 

+  9.0 
+  8.7 
+  8.7 

Weisse's  Bessel  XV,  171 
Weisse's  Bessel  XV,  570 
Schjellerup  5602 

The  observations  were  made  with  a  square-bar  micrometer.     The  comet  was  very  faint  during  the  whole  series  of  observations. 


OBSERVATIONS   OF  COMETS, 

MADE   AT   THE   U.S.    NA\  AL   OHSEHVATOUV,    WITH   THE  'J.t>-I>Xn    EgfATOISLVL, 

By  Puok.  E.  FRISBY. 
[Communicated  by  the  Superintendent.] 


1889  Wash.  M.T. 


No. 
Comp. 


'— * 


Aa 


Ah 


^'s  apparent 


logpA 
for  a  foril 


Comet  o  1889 

May  l'    8'43"'55.'3  !      1      I    2,l|     +i"l(;!35     |       +3  59.6      |      5     7"'l2.'92      |    +15^    745.4    I    9.677    hO.737 


COMKT  188H  V. 

May  1    10  21  58.6  j      2      I  10  ,  3  i     — 3  22.46     I      —5  20.8      1      9  31  40.42 


-37  41     6.7    I    9.665  ,  0.261 


Both  comet.s  extremely  faint,  and  observations  uncertain. 


thp:   astronomical  journal. 


N"-  193. 


Mean  Places  for  1889.0  of  Comparison- Stars. 

* 

a 

Red.  to 
app.  place 

8 

Red.  to 
app.  place 

Authority 

1 

2 

-     h        ra        . 

5     5  57.53 
9  35     2.80 

— 0.'96 
+0.08 

+  15     3  51.4 
+37  46  21.5 

—5.6 
+  6.0 

Weisse's  Bessel  (1)  V.  .52 
Weisse's  Hessel(2)  IX,  693 

EPHEMERIS   OF   VARIABLES   OF   THE   y1/.  C  Oi-TYPE. 

Approximate  Greenwich  M.T.,  1889. 
For  rt'inarks  and  coiiiparisoii-stars  see  Vol.  VII,  p.  187  foil.     Also,  it  should  be  noted  that  the  times  for  Y Cygni  are 
extre)iiely  uncertain,  probably  by  several  liours  ;  see  Vol.  VIII,  p.  130. 


U  Cephei 
U  Opiiiufhi 
T  Cvsjni 
U  Oi>liiuehi 
B  Canis  Maj. 
T  Cygui 
R  Canis  Maj. 
U  Cor.  Bor.' 
r  Cygni 
U  Ophiuchi 
5  Librae 
U  Cephei 
U  Ophiuchi 

Y  Cygni 

U  Ophiuchi 

Y  Cygni 

U  Opliiuchi 

Y  Cvgui 

Y  Cygni 

R  Canis  Maj. 
U  Cor.  Bor. 
U  Cephei 
U  Ophiuchi 
R  Canis  Maj. 


Ma 

d 

y 

h 

15 

13 

15 

16 

16 

6 

16 

12 

17 

9 

17 

18 

18 

12 

18 

14 

19 

6 

19 

21 

20 

11 

20 

l.H 

20 

17 

20 

18 

21 

13 

22 

6 

22 

9 

23 

18 

25 

6 

25 

8 

25 

11 

25 

12 

25 

19 

26 

11 

U  Ophiuchi 

Y  Cygni 
8  Librae 
U  Ophiuchi 

Y  Cygui 

Y  Cygni 
U  Cephei 
U  Ophiuchi 
r  Cygni 

U  Ophiuchi 


U  Cor.  Bor. 
U  Ophiuchi 

Y  Cvgni 

Y  Cygni 
8  Librae 
U  Cephei 

Y  Cygni 

U  Ophiuchi 
U  Cor.  Bor. 
U  Ophiuchi 

Y  Cygni 


May 

d      "h 

26  14 

26 

18 

27 

11 

27 

11 

28 

6 

29 

18 

30 

12 

30 

18 

31 

6 

31 

15 

June  1 

1 

9 

1 

11 

1 

18 

3 

6 

3 

10 

4 

12 

4 

18 

4 

19 

4 

20 

5 

15 

6 

6 

U  Ophiuchi 

Y  Cvgni 

Y  C;vgni 
U  Cephei 
U  Ophiuchi 
S  Librae 
U  Ophiuchi 

Y  Cygni 

U  Ophiuchi 
U  Cor.  Bor. 

Y  Cygui 
5  Librae 

Y  Cvgui 
U  Cephei 

U  Ophiuchi 

Y  Cygui 

U  Ophiuchi 

U  Ophiuchi' 

Algol 

Y  Cygni 
8  Librae 

Y  Cygni 

U  Cor.  Bor. 


June 

d       h 

6  11 

7  18 
9  6 
9  11 
9  20 

10  10 
10  16 

10  18 

11  12 

11  18 

12  6 

12  18 

13  18 

14  11 

14  21 

15  6 

15  17 

16  13 
16  17 

16  18 

17  9 

18  6 
18   15 


U  Cephei 

Algol 
8  Librae 

Y  Cygni 

U  Ophiuciii 
U  Ophiuchi 

Y  Cygui 

U  Ophiuchi 

Y  Cygni 

Y  Cygni 
tS  Librae 
U  Cephei 

U  Cor.  Bor. 
F  Cygni 
U  Ophiuchi 
U  Ophiuchi 
8  Librae 

Y  Cygni 

U  Ophiuchi 

Y  Cvgni 
U  Cephei 

Y  Cygni 

U  Ophiuchi 


June   ! 

•1 

h 

19 

11 

19 

14 

19 

17 

19 

18 

19 

21 

20 

18 

21 

6 

21 

14 

22 

18 

24 

6 

24 

9 

24 

10 

25 

13 

25 

18 

25 

19 

26 

14 

26 

17 

27 

6 

27 

11 

28 

18 

29 

10 

30 

6 

30 

19 

8  Librae 
U  Ophiuchi 

Y  Cygni 

U  Cor.  Bor. 
U  Ophiuchi 

Y  Cygui 
8  Librae 

Algol 
U  Cephei 

Y  Cygni 

U  Ophiuchi 
r  Cygui 
U  Ophiuchi 

Algol 
U  Ophiuchi 

Y  Cvgni 
r  Cygni 
U  Cephei 

Algol 
8  Librae 

Y  Cygni 

U  Ophiuchi 


July 

d       h 
1        8 

1    15 

18 

11 

11 

6 


1 
2 
2 
3 

3  16 
3  22 


10 

18 
20 
6 
16 
18 
7  12 
7  18 
9  6 
9  9 
9  15 
10  16 
10  18 
10  21 


CORRIGEKDIBI   TO   THE   ELEMEIs^TS   OF   X  CYGXI, 


By  PAUL  S.  YENDELL. 


Owing  to  an  error  of  transcription,  which  escaped  detec- 
tion uutil  after  the  work  had  been  published,  the  date  of 
Principal  Epoch  of  this  star,  given  on  page  177  of  Volume 
VIII  of  this  Journal,  is  too  early  by  six  hours,  and  should 
read:     1886,    Oct.  10*  12"  11™.8,  C.M.T.    ±52°'.3.      The 

Dorchester,  Mans.,  1889  May  4. 


error,  having  occurred  before  computing  the  ephemeris  by 
the  new  elements,  pervades  the  entire  set  of  residuals  in  the 
columns  q-cj  ^^  which  a  correction  of  — 0*.25  should  be  ap- 
plied. 
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OX   THE  MASSES   OF   MERCURY,   VENUS  AXD  THE  EARTH,   AND   OX   THE 

SOLAR  PARALLAX, 

By  WILLIAM  HAHKNESS. 
[Communicated  by  authority  of  the  Superintendent  of  tlie  V.  S.  Naval  OI)servatory.  ] 


It  is  comparatively  easj'  to  determine  tlie  mass  of  any 
planet  wliieh  is  attended  by  a  satellite,  but  in  the  ease  of 
those  which  have  none,  the  problem  is  far  more  difficult. 
Among  the  first  attempts  to  solve  it  were  those  of  Eulek, 
about  i771,  and  LaGuangk,  in  1782.  The  latter  geometer 
deduced  a  hypothetical  relation  between  the  densities  of  the 
planets  and  their  distances  from  the  sun,  and  by  combining 
the  densities  so  obtained  with  the  observed  diameters,  he 
found  for  the  mass  of  Mercury,  l:2  02.i810;  for  that  of 
Venus,  1:278  777;  and  for  that  of  Mars,  1:1846  082. 
Since  then  the  satellites  of  Mars  have  been  discovered  ;  and 
for  determining  the  masses  of  Mercurij  and  Venus  the  per- 
turbations produced  by  these  planets  in  the  motions  of  other 
bodies  of  the  solar  system  have  long  been  employed. 

The  history  of  the  attempts  to  determine  the  masses  of 
Mercury  and  Venus  through  the  law  of  gravitation  may  be 
outlined  as  follows:  In  1841,  in  the  course  of  his  elaborate 
investigation  of  the  comet  which  bears  his  name,  Encke  de- 
duced some  very  discordant  values  of  the  mass  of  Mercury 
from  its  action  upon  the  comet.  Since  Encke's  death  the 
investigations  of  the  comet's  motion  have  been  continued, 
first  by  Von  Asten,  and  after  the  death  of  that  astronomer, 
by  Backi.uni>,  but  vv-ithout  any  decisive  result  as  to  the  mass 
of  Mercwy  ;  Von  Asten's  value  of  that  element,  found  from 
his  discussion  of  all  the  observations  made  uiion  the  comet 
between  the  years  1818  and  1868,  being  1  :  7  6;i6  400  ;  while 
Backi.uni>  found  that  the  observations  from  1871  to  1881, 
which  include  the  near  approach  of  the  comet  to  Mercury  in 
August  1878,  cannot  be  satisfied  by  Von  Asten's  mass,  but 
indicate  a  uuieh  larger  one,  namely,  1:2  668  700.  Since 
1842,  RoTiiMAN,  LeVerhiek.' TissEKANi)  and  Newcomu  have 
derived  values  of  the  mass  of  Mercury  from  the  perturl)*- 
tions  which  it  produces  in  the  motions  of  Venus  and  (]ie 
Earth,  but  each  of  these  values  rests  upon  a  coTuparalivoly 
small  amount  of  data.  As  to  Venus,  the  first  computation 
of  its  mass  was  made  by  La  (change  in  177!t,  from  the  pre- 
cession of  the  eipiinoxes,  and  since  then  it  has  boon  comp\itcd 
by  many  other  astronomers  from  the  perturbations,  both  peri- 


odic and  secular,  which  it  prodnces  in  the  motions  of  Mercury 
the  Earth,  and  Mars. 

There  are  in  existence  not  less  than  fourteen  determina- 
tions of  the  mass  of  Mercury,  and  not  less  than  nineteen 
determinations  of  the  mass  of  Venus  ;  but  the  separate  values 
differ  largely  among  themselves,  and  it  is  impossible  to  de- 
duce any  trustworthy  means  from  them.  A  re-discussion  of 
the  original  data  seems  the  only  satisfactory  course,  and 
that  is  the  object  of  the  present  paper. 

To  facilitate  the  discussion  of  the  motions  of  the  nodes  of 
Mercwy  and  Venus,  let 

SI  =  longitude  of  the  planet's  ascending  node, 
Q,o^=  approximate  value  of  Q,,  such  that 

Si  =  SJ„  +  JS2 
m  =  mass  of  the  planet, 
■m„  =  approximate  value  of  m,  such  that 

m  =  mii{\  +  r) 
i  =  inclination  of  the  planet's  orbit  to  the  plane  of  the 

ecliptic, 
t  =  time  in  Julian  years  of  36.jj  days,  counted  from  a 
specified  epoch, 
rf/.O  =  correction  to  the  assumed  value  of  the  sun's  longi- 
tude, 
rfp'O  =  correction  to  the  assumed  value  of  the  sun's  latitude, 

di  =  correction  to  the  assumed  value  of  i, 
Sp  and  fit]  =  certain  coetlicients  whose  numerical  values  are 
given  by  LeVehuiek  in  the  Annates  of  the  Paris 
Observatory,  Tome  II,  pp.  100-102. 
Further,  let  symbols  relating  to  the  different  planets  be 
distinguished  by  accents  and  Roman  numerals,  in  the  usual 
way,  those  relating  to  Movury  being  without  accent,  while 
those  which  relate  t<i  Venus  have  one  accent,  those  which  re- 
late to  the  Earth  two  accents,  and  so  on  to  Xeptune,  symbols 
relating  to  which  will  be  distinguished  by  the  Roman  num- 
eral ^•". 

In  order  to  make  use  of  I'mf.  Newcomb's  investigation  of 
the  longitude  of  the  iu>de  of  Mercury,  let  us  put 

Q   =   Sl^+  JSi  (1) 
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N"  l!i4. 


where  the  value  of  Qo  is  that  given  by  LeVkrkier  for  the 
epocli  1850.0,  in  his  tallies  of  Mercury  {Annaleit,  T.  V,  p. 
107),  nunu'ly, 

ft„  =  46°  33'  8". 75  +  4-2".643  t  +  0".000  083  5«-'       (2) 
From  a  discussion  of  23  transits  of  Mercury,  occurring 


between  the  years  1677  and  1881,  Newcomb  found  for  the 
epoch  1820.0  (Astronomical  Papers  of  the  Amerkan  Ephem- 
eris.  Vol.  I.  p.  460), 

N=  N„  +  N't  —  — 0".16  ±0".18  +(0":28±0".42)< 
Whence,  for  tlie  epocli  18."j0.0 


J9,' 


N  =  -0".16  ±  0".l8  +(0".28±0".42)  ^^''"qq^'^"  +  (0".28  ±0".42)< 

Newcomi!  wrote 

.V  =  (^■6»— (V')sin« 
hut,    as   fil'   can    not   he   evaliieil,  when    the  unit   of  time   is 
changed  from  a  <'eiitury  to  a  year  this  may  be   regarded   as 
equivalent  to 

sin;         lOOsuK 
whicii,  with   i  =  7°  0'  7". 7,  and  the  above  nuuierieal   value 
of  N,  gives 

JQ  —  — 0".623  ±l".805+(0".023±0".034)<         (3) 

By  substituting  (2)  and  (3)  in  (1),  we  obtain  definitively 

for  Mercury 

Q,  =  46°33'8".13  ±1".80  +  (42". 666  ±0". 034)/    |       .. 

+  0".000  083  5<-  I     ^   - 

where  t  is  counted  iu  .luliau  years  of  3651  days,  from  18.50.0, 

Paris  mean  time. 

Passing  next  to  Venus,  Encke  found  from  the  transit  of 
1761  {Der  Vemisdurchgang  von  1769,  pp.  105-107) 
Epoch,  1761,  June  5,  11''  30'"  Paris  mean  time. 
Longitude  of  sun  75°  35'  49". 6 

Latitude  of  sun  +0.6 

Inclination  of  Venus'  orbit  3    23  26  . 

hi'  =  74°  31'  54".46  +  dlQ  —  16.882  d(iQ  —  10.919  dp 

+     0.313  di> 
And  from  the  transit  of  1 769 
Epocli,  1769,  June  3,  10''  10'"  Paris  mean  time. 
Longitude  of  sun  73°  27'  13". 8 

Latitude  of  sun  0  .0 

Inclination  of  Venus'  orbit  3    23  26  . 

Q'  =  74°  36'  8".60  +  d).Q  —  l6.S82d^Q  +  10.451  dp 

—  0.339  di' 
In  order  to  reduce  these  results  to  couformity  with  the 
positions  of  the  sun  given  by  the  Tables  du  Soleil  of  Hansen 
and  Oi.ufsen,  and  to  tlie  inclination  of  the  orbit  of  Venus 
given  by  Hill's  tables  of  that  planet ;  we  take  from  the  lat- 
ter work,  introduction,  pp.  2  and  23. 

Transit  of  1761  Transit  of  ITC!) 

Longitude  of  sun  75  35  52.05  73  27   14.25 

Latitn  le  of  sun  +0.53  +0.04 

i'  .  3  23  31.64  3  23  31.94 

Whence,  by  comparison  with  Encke'§-  results,  and  from 
Hill's  tables  of  Venus, 

Transit  of  1701  Transit  of  17f>9 

dXQ  +2"Ab  +0."45 

d^O  —0.07  +0.04 

di'  +5.64  +5.94 

Perturbations  of  $  in  latitude  +0.060  +0.084 


-0".()76  ±   (J".220  +   (0".28±0".42)« 


PjNcke's  observed  Q ' 

74  31  54.46 

74  36    8.60 

Correction  for  dlQ 

+  2.45 

+  0.45 

"   dp'O 

+  1.182 

—0.675 

"   di' 

+  1.765 

—2.014 

"           "    perturb 
Corrected  Q ' 

itions 

+  1.013 

+  1.418 

74  32  00.87 

74  36  07.78 

The  provisional  expression  for  the  longitude  of  the  node 
of  Venus,  employed  by  IIii.i.  iu  the  construction  of  his  tables 
of  that  planet,  was 

SI'  =  75°  19' 52". 3  +32". 2931  <  +0".00015U-, 
where  i  is  reckoned  in  Julian  years  from  the  epoch   1850.0. 
To  this,  from  the  meridian  observations  made  at  Greenwich, 
Paris,  and  Washington  during  the  years  1836  to  1871,  he 
found  the  correction  (Tables  of  Venus,  introduction,  p.  36), 

J!L  =  +     O".!^    =    +,".028 
sun'  0.05918 

which  belongs  to  the  epoch  l.'<55  Jan.  0.0  Washington  mean 
time.     AYheiiee.  for  that  epoch 

Q,'  =  75°  22'  35". 78 
From  the  1475  photographs  of  the  last  transit  of  Venus, 
reduced  by  the  U.S.  Transit  of  Venus  Commission,  we  have 
for  the  epoch  1882  Dec.  Q>'^  5''  0'"  Greenwich  mean  time, 
9,'  =  75°  37'  33". 911  +  dlQ  —  16.868  d^Q  —  0.321  di' 
This  result  already  depeuds  upon  the  position  of  the  sun 
given  in  the  Tables  du  Soleil  of  Hansen  aud  Oldi-sen,  and 
it  requires  correction  only  for  the  perturbations  of   Venus  in 
latitude.     According  to  Hill's  tables  of  Venus,  these  per- 
turbations amount  to  +0".046,  and  the  corrected  result  is 
therefore 

SI'  =  75°  37'  34".69 
From  Hill's  tables  of  Vetius,  introduction,  p.  2,  we  have 
Q,'  =  75°  19'  53". 10  +32". 5150  <  +0".000  151«- 
where 

t  ^  (Date  in  AVashiugton  mean  time)  — 1850.0 
:=  (Date  iu  Greenwich  mean  time)  — 1850.000  586 
Computing  the  values  of  Si'  for  the  dates  of  observation 
by  this  expression,  and  collecting  our  observed  results,  we 
have 

Computed  ^' 

74  3l'  54.49 

74  36   14.20 

75  22  35.66 
75  37  44.01 

In  order  to  form  the  observation-equations  for  the  de- 
termination of  the  corrected  expression  for  Si'-  let 


Julian  Date 

1761.398  967 
1769.392  654 
1854.966  363 
1882.897  900 


Observed  SI' 

C— O 

74  32     0.87 

—6.38 

74  36     7.78 

+  6.42 

75  22  35.78 

—0.12 

75  37  34.69 

+  9.32 
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0  =  75°19'53".10  +  a;+(32".51o0+?/)<  +0".000  151 1*)  ,.. 
—(Observed  SI'  at  the  time  t)  )^   ' 

and  then.  V)y  putting  C  for  the  computed,  and  O  for  the  cor- 
responding olwerved  value  of  SI',  we  shall  have 
0  =  (C— O)  +  X  +ty 
The  scale  of  the  Julian  dates  given  above  is  such  that 
1849.967  042  corresponds  to  I80O.O  Washington  mean  time. 
Bearing  that  in  mind,  the  following  observation-equations 
result  from  the  values  of  (C — O)  : 

0  =  —6.38  +  .r  — 88.568y         Weight  1 
0  —  +6.42  +  x—SO..iH>j  •■       1 

0  =.  —0.12  +  X  +   4.999?/  "       1 

0  =  +9.32  +  A- +32.931. y  .  '•  4 
The  probable  error  of  the  observed  right  ascension  of 
Venus  was  ±0".470  in  1761,  ±0".496  in  1769,  and  only 
±0".038  in  1882.  Therefore,  according  to  theory  the  weight 
of  the  last  observation-equation  should  be  more  than  150 
times  that  of  either  of  the  first  two.  Nevertheless,  on  ac- 
count of  the  possible  existence  of  coustiint  errors,  it  has 
been  thought  prudent  to  give  it  a  weight  of  onlj"  four. 

Having  regard  to  the  adopted  weights,  the  normal  equa- 
tions are 


0  =   +     37.200+     7.000a;  —         32.419.'/   | 
0  r=   +1274.847 —  32.419      +18699.253      j 


(6) 


and  the  general  solution  is 

X  =  —0.144  013  408  P  —  0.000  249  677  Q 
y  —  —  0.000  249  677  P  —  0.000  053  91 1  Q 

in  which 

P  =  +37".200  Q  =   +1274".847 

From  the  general  solution 

a;  =  —5". 6 75  601       ±1".973 
y  =  — 0".078  016  2   ±0".038  2 
with  which  values  the  residuals   in    the    normal    equations 
are  respectively  0".0000  and  — 0".0004.  while  those  in  the 
weighted  observation-equations  are   respectively    — 5".  146, 
+  7".030,  —6".  186  and  +2".  151. 

If  it  is  desired  to  use  onlv  the  data  afforded  by  transits  of 
Venus,  we  may  take  .1,(1761+1769)  and  1882.     In  that  way 
dp,  the  unknown  correction  to  the  adoi)ted  value  of  the  sun's 
semi-diameter,  is  sensibly  eliminated  from  the  observations 
of  1761  and  1769,  and  our  observation-equations  become 
0  =   +0".02  +  x  — 84.571y 
0  =   +9".32  +  X-  +  32.931. V 
Whence 

.r  =  —6". 714  y  =  — 0."079  147 

The  difference  between  this  i-esult,  and  that  from  the 
normal  eciuations  (6),  is  less  than  the  probable  error  of 
either. 

Reverting  to  the  values  of  x  and  '/  yicldi'd  by  llie  mpiations 
(6),  and  substituting  them  in  (o),  we  obtain  (U'linitively,  for 
T'en«.s 

a'  =  75°  19' 47". 42  ±1."97  +(32".4370±0".0382)^  |    ,.. 
+0".000  15U-  \    ^'> 


dp 
dg 


di  +  tan  i  cos  SI. d SI 
di  —  tan  i  sin  SI  -dSl 


which  belongs  to  the  epoch  1850.0  Washington  mean  time. 

If  we  put  with  LeVf.krier  {Annates,  T.  II.  p.  26) 

J)  =  tan  (■  sin  SI 

q  =1  tan  i  cos  SI 

then,    regarding   all  the  quantities  as  variable,  and   diffci 

entiating 

sin  a 
cos'  (■ 

cos  a 

cos-  (■ 

whence,  by  eliminating  di,  we  find  for  the  theoretical  mo- 
tion of  the  node  on  the  fixed  ecliptic 

dSl  =  cot;'  cosSl-dp  —  coti  sinJJ.rf^ 
To  find  the  theoretical  motion  on   the  movable   ecliptic, 
it  is  only  necessary  to  substitute  dp  —  dp",  and  dq  —  drf , 
for  dp  and  dq.     In  that  way  we  obtain   for  Mercury  and 
Venus, 

dSl   =  cot  i  cos  Si  (dp — dp")  — cot  i  sin  SI  {dq — dq")      (8) 

dSl'^=  cot  i' cos  SI' {dp' — dp") — coti'sin  Si'{dq' — dq")  (9) 

From  equations  (4)  and  (7),  and  from  LeVerrier's  tables 

of  Mercury,  and  Hill's  tables  of    Ve)ius.  we  have  for  the 

epoch  1850.0 

SI  =  46°  33     8.1s  4  =  7°   0     7.71 

Sl'=  75  19  47.42  t' =  3  23  35.01 

By  the   substitution   of  these  values,  together  with  the 

values  of  dp,  dj)',  dp",  dq,  dq',  and  dq",  given  in  the  Annales 

of  the  Paris  Observatory  (T.  II, pp.  100-101),  equations  (8) 

and  (9)  become 

^  =  — 7".60689— 0".06590r    — t".10214i'  — 0  ".92346 1" 
^'  —0  .11238r"'— 2  .28353i-'"' — 0  .11704.^ 

—0  .00184.-^' 
(10) 

= —17". 36793 +0".11193r    — 5".03855i'   — 6''.71749r" 
"'  — 0".22172i"'  —5  .22275r'^'— 0  .27355r^ 

—0  .00418r" 

Putting  y  for  the  general  precession,  the  observation-equa- 
tions for  determining  the  masses  of  Mercury,  Venus,  and  the 
Earth  will  be  of  the  form 

0  =  theoretical  -f^.  +  ,;■•  —  observed  -^--       (11) 
dt  dl 


dSl' 


As  the  masses  of  all  the  planets  outside  the  Earth's  orbit 
are  here  regarded  as  known,  the  numerical  values  of  Iheir 
I'S  must  be  substituted  iathe  observatiou-equations.  To  find 
them,  we  have  the  relation 

m  ^  »H<,(l  +  r) 
where  m,,  is  the  value  employed  in  the  observation-equations 
for  the  mass  of  any  planet,  or  in  other  words,  it  is  the  value 
employed  by  LeVekuiek  in  forming  the  qiwntities  dp, dq,  etc., 
and  m  is  the  adoiitod  mass  of  the  same  planet.  The  numeri- 
cal values  of  1  -^  hi,,.  1  -h  '"  and  1  are  given  for  each  planet 
in  Table  I. 
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Table  I. 


1  -i-m„ 

l^n» 

Factor 

Planet 

LeVerriku 

Adopted 

1' 

Mercnni 

3  000  000 

ludeteriiiinate 

Venus 

401 847 

Earth 

354  936 

" 

Marts 

2  680  337 

3  093  500. 

—0.133  558 

Jnpitrr 

1050 

1047.55 

+  0.002  339 

Siiliini 

3512 

3501.6 

+  0.002  970 

I  'rail IIS 

24  000 

22  600. 

+  0.001  947 

Neptune 

14  400 

18  780. 

—0.233  227 

Taking  the  observed  values  of  the  motions  of  the  nodes 
from  e(iuatioiis  (4)  and  (7),  the  theoretical  values  from  the 
ecjuations  (10),  and  the  factors  for  tiie  corrections  of  the 
masses  from  Table  I,  the  formation  of  the  absolute  terms  of 
the  observation-etiuations  will  be  as  follows  : 

JUercury 
Provisional  motion  of  node  — 

Correction  for  mass  of  Mars 

"  "  Jupiter 

"  "  Saturn 


General  precession 

Theoretical  — 
dt 


Observed 


dt 


—  7.606  89 
+  0.015  01 

—  0.005  34 

—  0.000  35 
+  50.237  19 

+42.639  62 
+42.666  0 


(C— O)  =  Absolute  term  —  0.026  4 


Venus 
—17.367  93 
+  0.029  61 

—  0.012  21 

—  0.000  81 
+  50.237  19 

+  32.885  85 
+  32.437  0 
+   0.448  9 


The  observatioii-e(|iiations  are  therefore 


(12) 


0  =  — 0".0659r  — 4".1021i''  — 0".9235y"  — 0".0264  ±0".034 
0  =  +0  .1119f  —5  .03861''  —6  .7175/'  +0  .4489  ±0  .038 

whence,  leaving  i"  indi'toniiinate, 

,'  =   +28.!l51(;26i'"  —2.495  943    ±0.427 
v' —  —  0.690234)'"   +0.033  6G1    ±0.005  75 

If  we  assume     r"  =  +0.066  631,     then 

)■  =  —0.566  867    ±0.427 
i'=  —0.012330   ±0.005  75 

In  the  Annales  of  the  Paris  Observatory,  T.  VI,  pj).  286 
and  307,  LeVerkiek  has  given  four  equations  which  may  be 
used  for  determining  the  masses  of  Mercury,  Venus  and  the 
Earth.  They  are  derived  respectively  from  the  secular  mo- 
tions of  the  perihelion,  eccentricity,  iuclination,  and  node  of 
Mars;  and  after  nuiltiplication  by  100,  they  are  as  fol- 
lows : 


+  0.14J'  +    4.66r'   +16.36i" 

+  0.08  +   0.69      +   2.06 

—0.10  +12.22      +   0.03 

—0.69  —25.60     —  6.82 


Regarding  r,  )■'  and  i"  as  unknown,  the  normal  equations 


+  I30.6ii^' 

(13) 
— 2'.'353  =  0 

+    18.2 

—1.115  =  0 

—  13.11 

+  0.565  =  0 

—  37.15 

—0.577  —  0 

+   O.512I1'  +    17.1496I''  +      7.1580r 

+  17.1496    +826.8801      +252.6176 

+   7.1580    +252.6176     +318.4065 

and  the  general  solution  is 

r  ~  —7.084  439  P     +0.129  718  Q 
—0.039  714 
+  0.023  472 


0.0770  =;  0) 
9.9411  =  0  ^ 


+  0.056  347  77e 
+  0.002  347  2 
—0.459  359  4 


lO.-'  r=  +1.297  176 
100*"=  +5.634  770 
in  which 

P  =  +     46.6845r'-'     —  0.0770 
Q  =   +1411.9898  +   9.9411 

Ji  =  +2427.0777  —36.8399 

By  substituting  the  value  of  i'^'  from  Table  I,  these  quan- 
tities become 

P=  +0.0321      Q  =   +13.2423     E  =  —31.1654 
and  then,  from  the  general  solution 

r   =:  —0.265  744    ±1.511 
)•'  =  —0.055  742   ±0.035  76 
)■"=   +0.148  078   ±0.038  47 
With  these  values  of  the  ;«,  the  residuals  in  the  normal 
equations  (14),  are 

+  0". 000  001      +0".000  055     —0". 000  008 
the  residuals  in  the  observation-equations  (13),  are 

+  0".0779     — 0".8272     — 0".1159     — 0".0634 
and  the  probable  error  of  any  one  of  the  observation-equa- 
tions (13),  is  ±0".5675. 


are 

"  +     46!6845i"'  - 
+  1411.9898       + 
+  2427.0777       —36.8399  =  0  ) 
We  have  next  to  deal  with  the  following 
tious  : 

o'oO)'  +29.5 
—27.39  —46.33 
+  14.3  +25.5 
+  7.8  +  9.2 
+  24.6 
+  40.4 
+  28.88 


(14) 
rroup  of  equa- 


+  225.3  !■"   —18.59  =  0 

—  51.59       —18.02  =  0 

+   27.7         +1.7     =  0 

+  3.7 


0        (15) 


—  0.53 

—  1.24 
+  0.53 


+ 


1.86  =  0 
3.28  =  0 
1.74  —  0 


+    15.3 

+   32.8 

+   54.0 

0.0 

AVhen  Mars  made  its  near  approach  to  v''"  Aquarii  on  Octo- 
ber 1,  1672,  the  position  of  the  planet  was  compared  with 
that  of  the  star  by  Richer  at  Cayenne,  by  Picaru  near  Beau- 
fort, and  by  Roemek  at  Paris.  From  a  very  careful  discussion 
of  these  comparisons,  Le  Veurier  derived  the  equation  which 
he  has  given  in  the  Coinptes  Eendus,  T.  LXXV,  p.  169, 
namely, 

+  29". 5i''   +225". 3r"   +1398")'r''  —21". 80  =   0 
By  substituting  in  it  the  value  of  r'^'  from  Talile  I,  the 
first  equation  of  the  group  (15)  results. 

The  second  equation  of  the  group  (15)  is  from  the  Annales 
of  the  Paris  Observatory,  T.  \1,  p.  73;  and  is  based  upon 
the  longitude  of  Venus  deduced  from  Horrox's  observation 
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of  the  transit  of  that  planet  in  December,  1639.  The  third  ] 
and  fourth  equations  are  from  the  A)males,  T.  VI,  p.  76  ; 
the  former  being  derived  from  the  longitudes  of  Fen««  ob- 
tained from  Bkauley's  meridian  observations,  and  the  latter 
from  the  longitudes  obtained  from  the  meridian  observations 
made  between  the  years  1766  and  1830.  The  fifth  and  si.xth 
equations  are  from  the  Anncdes,  T.  VI,  p.  90  ;  the  former 
being  derived  from  the  latitudes  of  Venus  resulting  from  the 
observations  of  the  transits  in  1761  and  1769,  and  the  latter 
from  the  latitudes  resulting  from  the  Greenwich  meridian 
observations  made  between  the  years  17.il  and  1830. 

In  the  Annales  of  tiie  Paris  Observatory,  T.  IV,  i).  ."j2, 
LeVerkikk  has  given  the  equation 

+  0".53)'  +28".88i''  +0".83)"'  +1".81  =0      (16) 
vrhich   he  has  derived   from  the  secular  diminution  of  the 
obliquity  of  the  ecliptic.     By  adding  the  term    -|-16".01i-'^',  ^ 
from  p.  51  of  the  Annalea,   and  substituting  the  values  of 

1000)'  =—1.764  489  702/^  +0 
lOOOi'  =  +0..i.i3  787  566  — 0 
1000)"=  —0.066  325  742         +0 

where 

P  =  +552.713  Q  =  +235.83.-)  R  =  —3  393.103 

We  therefore  have 

!■   =  —0.619  603  8    ±0.096  92 
)•'  =  —0.052  249  4    ±0.04755 
r"=    +0.089  1608    ±0.013  01 
with  which  the  residuals  in  the  normal  equations  (18),  are 
+  0".0002     +0".0008     +0".0028 
The  residuals  in  the  observation-equations  (15),  are 

— o''o43     — 6''o22     +0.'l07     —0.097 

—3.228     —0.250     +0.192 
and  the  probable  error  of  any  one  of  the  observation- ecpia- 
tions  (15),  is  ±2". 307. 

The  equations  in  group  (19)  are  from  the  Annales  of  the 
Paris  Observatory,  T.  IV,  p.  95,  and  depend  entirely  upon 
observations  of  the  sun.  The  first  ecjuation  of  the  group 
has  been  deduced  from  the  differences  of  the  maxinuiin 
values  of  the  e(piation  of  the  centei'  determined  at  two  epochs 
fifty  years  apart.  The  second  equation  arises  from  the  ob- 
served motion  of  the  Earth's  perigee ;  and  the  remaining 
etpiations  are  based  upon  the  periodic  perturbations  of  the 
Earth,  the  third  and  fifth  arising  from  the  action  of  Venus, 
while  the  fourth  and  sixth  arise  from  the  action  of  ^fars. 


— 0.23r 
—0.43 
—0.04 
+0.02 
—0.02 
0.00 


+  I.OI1' 
+  5.97 
+  8.00 
+  1.07 
+  8.00 
+  0.61 


-0.65i"'  —0.21 


0 


(19) 


+  1.93      —0.44  =  0 
—0.13      —0.01   =  0 
+  4.00       +0.48  =  0 
—0.17      —0.09  =  0 
+  4.00       +0.35  =  0 
In  accordance  with   LkVkkriku's  estimate  of  the  relative 
accuracy  of  these  ecpialions   {Anuah's,  T.  IV,  pp.  95-96), 
the  second  will  be  given  a  weight  of  ^.     It  then  becomes 


v'"  and  y'^'  from  Table  I,  the  last  equation  of  the  group  (15) 
results.  In  the  Annales,  T.  V,  [).  100,  andT.  VI.  p.  91  ;  and 
in  the  Comptes  Kendus,  T.  LXXV,  p.  168,  LeVekrier  has 
given  equation  (16)  in  the  form 

+0".53r  +28".88r'  +0".75r"'  +1".72  =  0  (17) 
but  the  difference  arises  solely  from  the  circumstance  that  in 
(16)  the  assumed  mass  of  Mars  is  1  : 2  680  337,  while  in  (17) 
it  is  1:2  994  790.  For  further  information  respecting  the 
equations  (15),  Tisseraxd's  paper  in  the  Comjites  Rendus, 
T.  XCII.  pp.  653-660  may  be  consulted. 

From  the  group  of  observation-equations  (15).  the  follow- 
ing normals  result,  (l'*) 

II  n  H 

+  1017.64r   +    1657. 5or'   +    1844. 16i^'   +   552.713  =  0 
+  1657.55     +   6822.98      +12872.10       +   235.835  =  0 
+  1844.16     +12872.10      +58414.84      —3393.103  =  0 
and  their  general  solution  is 

.553  787  566  Q     —0.066  325  742/2 
424651923  +0.076091780 

076  091  780         —0.031  792  362 

— 0".14r  +l".99i'   +0".64i'"'  — 0".15  =  0       (20) 
and,  regarding  r'"  as  known,  the  weighted  normal  equations 
are 
+0.0749r  —     o"9695i'  +0.148oi"'  +0.0811  =0     (21) 
—0.9695     +134.4972      +4.9371       —0.5835  =  0 

The  general  solution  is 

V  =  — 14. 725  041  P —0.106  143  Q 
i'=  —  0.106  143       —0.008  200 
where 

/'  =  +0.1485r"'  +0.0811 
q  —   +4.9371       —0.5835 
Hence 

r  =  — 2.710  707i"'  —1.132266  (22) 

/'=  —0.056  246       —0.003  824 
and  the  ri'sidiials  in  the  normal  equations  (21),  are 

— o!'oOO  OOr'"  +0.000  00 
+  0.000  20       —0.000  09 
The  substitution  in  (22)  of  the  value  of  r''  from  Table  I 
gives 

1   =  —0.770  229   ±0.317 
i'=   +0.003  688   ±0.00749 
with  whicli  the  residuals  in  the  weighted  observation-equa- 
tions (19)  and  (20),  are 

+  0".058,  — 0".120,  +0".068,  — 0".065,  — 0".022,  — O'.ISS 
and  the  probable  error  of  any  one  of  these  equations  is 
±0". 082  76. 

Collecting  our  residts  ;  froui  the  groups  of  equations  (12), 
(13),  (15)  and  (19),  the  values  of  i-  are 

—0.566  867  ±0.427 

—0.265  744  ±1.511 

—0.619  604  ±0.096  92 

—0.770  229  ±0.317 
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and  the  values  of  v'  are 

—0.012  330  ±0.005  75 
— 0.05.5  74-2  ±0.035  76 
—0.052  241)  ±0.047  55 
+  0.003  688  ±0.007  49 
wliile  from  llu'  jrioiiiis  of  equations  (13)  anil  (15)  tlio  values 
of  )•"  arc 

+  0.148078  ±0.03847 
+  0.089  IGl  ±0.013  01 
Instead  of  attempting  to  deduce  final  values  from  these 
results,  it  will  be  better  to  reduce  the  various  groups  of 
equations  to  a  uniform  standard  of  weight,  and  then  to  solve 
them  all  simultaneously.  The  data  for  that  [lurpose  are  as 
follows  : 

Kiniations  I'rnl).  Kri'or  V^^'t- 

Group  (12)  ±0.036  10.000 

"       (13)  0.567  0.635 

"       (15)  2.307  0.156 

(19)  0.0828  4.35 

The  weight  of  the  equations  in  group  (12)  is  arbitrarily 
assumed  to  be  100,  and  then  the  weights  for  the  other  groups 
follow  from  the  probable  errors  given  in  the  second  column. 
By  the  application  of  these  weights,  each  to  its  own  group 
of  equations,  the  subjoined  system  of  weighted  observation 
equations  is  obtained. 


—0.659) 

— I1.021r 

9. '2351" 

—0.264 



0 

^1.119 

—50.386 

— 

57.175 

+  4.489 

= 

0 

+  0.089 

+   2.959 

+  10.389 

—1.300 

= 

0 

+  0.051 

+    0.438 

+ 

1.308 

—0.681 

= 

0 

—0.061 

+    7.7f;o 

+ 

0.019 

+  0.339 

= 

0 

—0.438 

—  16.256 

— 

4  331 

—0.422 

= 

0 

0.000 

+    4.602 

+35.147 

—2.900 

= 

0 

—4.273 

—  7.227 

— 

8.048 

—2.811 

= 

0 

+  2.231 

+   3.978 

+ 

4.321 

+  0.265 

= 

0 

+  1.217 

+    1.43.5 

+ 

2.387 

+  0.577 

=z 

0 

—0.083 

+    3.838 

+ 

5.117 

— 0.290 

= 

() 

—0.193 

+    6.302 

+ 

8.424 

—0.512 

= 

0 

+  0.083 

+    4.505 

0.000 

+  0.271 

==: 

0 

—1.000 

+   4.394 

0.000 

—0.535 

= 

0 

—0.609 

+   8.656 

0.000 

—1.022 

= 

0 

—0.174 

+  34.800 

0.000 

+  0.030 

:= 

0 

+  0.0x7 

+   4.654 

0.000 

—0.235 

= 

0 

—0.087 

+  34.800 

0.000 

—0.291 

= 

0 

0.000 

+   2.654 

0.000 

—0.800 

— 

0 

The  resulting  normal 

equations  are 

(23) 


(24) 

+  28.0773r    —       0.4420)'    —     2l!3120r"  +    19.8172  =  0 

—  0.4420     +7265.9429      +4178.6252  —227.7718  =  0 

—21.3120     +4178.6252      +6147.7642  —394.2509  =  0 
and  their  general  solution  is 


100)'   =  —3.576  684  283P     +0.01 1  349  517  Q     —0.020  113  276  7? 
100)'=  +0.011349  517        —0.022  631115  +0.015  421676 

100)'"=  —0.020113  276         +0.015421676         —0.026817889 


=  —227.7718       R 


—394.2509 


where 

r  —   +19.8172 
We  therefore  have 

)■   =  —0.655  352  905    ±  0.065  80 
)■'  =  —  0.007  003  642    ±  0.005  235 
r"=  +  0.066  617  652    ±  0.005  698 
with  which  the  residuals  in  the  normal  equations  (24)  are 
+  0".000  001     +0".000  002     +0". 000  002 
The  residuals  in  the  weighted  observation  equations  (23), 
are 

+  o"l850 
+  .0895 

—  .6835 

—  .0998 

—  .3246 

—  ".4778 
—0.8186 

and  the  probal)le  error  of  any  one  of  the  weighted  observa- 
tion-equations (23),  is  ±0".3479. 

As  a  final  check  on  the  solution,  we  have  the  relation 
[xn]  +  [a)(])'  +  [&»])■'  +  [eji])'" —  [vu]  ^;  0 


—0.1600 

—0.5908 

—  .3664 

—  .4964 

—  .6868 

—  .9370 

—  .6303 

—  .0715 

+-  .3278 

+   .0785 

—0.3097 

"+0.1316 

which  is  satisfied  thus  : 


["'0 

+  41.913  63 

[a?i] )' 

—12.987  26 

[buy 

+   1.. 595  23 

[cny 

—26.264  07 

Sum 

+   4.257.53 

[IV] 

+   4.257  31 

Cheek 

+   0.000  22 

It  may  be  remarked  that  the  weight  factors  were  so  chosen 
as  to  give  a  probable  error  of  ±0".360  for  each  of  the  ob- 
servation-equations in  the  group  (23),  and  the  fact  that  this 
probable  error  comes  out  ±0".348  seems  to  indicate  that  the 
relative  weights  were  sufficiently  exact.  The  9th  and  19th 
observation-equations  give  the  largest  residuals,  and  perhaps 
it  might  have  been  better  to  omit  them,  l)Ut  it  is  not  likely 
that  their  retention  can  have  sensibly  affected  the  corrections 
to  the  masses. 

From  the  solution  of  the  group  of  equations  (23),  we  now 
have  as  the  definitive  result  of  this  investigation 
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Mass  of  Mercury  = 
Mass  of  Venus  =l 
Mass  of  Earlh        = 


0.344  647  ±  0.065  80 
3000  000 

0.99-2  996  ±  0.005  2.35 


1 


8  704  559  ±  1  724  742 
1 


401  847  404  681  ±  2  134 

1.066  618  ±0.005  698  1 


354  936 


332  768  ±  1  778 


Or,  expressed  decimally. 
Mass  of  Mercury     =  0.000  000  1 14  882  ±  0.000  000  021  933 
Mass  of  Venua        =  0.000  002  471  082  ±  0.000  000  013  027 
Massof£ort/t  =  0.000  003  005  097  ±0.000  000  016  056 

The  substitution  of  this  mass  of  tbe  Earth  in  the  expres- 


Solar  parallax  ^   [2.784  934]  ^  (mass  oi  Earth) 
gives 

Washington,  D.C.,   1889  April  18. 


(25) 


Solar  parallax  =  8".795  ±0".016 

Respecting  equation  (25),  it  is  only  necessary  to  remark 
that  the  coefficient  in  brackets  is  the  logarithm  of  the  num- 
ber which  it  represents,  and  that  number  is  based  upon  the 
best  modern  values  of  the  length  of  the  seconds-pendulum, 
the  length  of  the  sidereal  year,  and  the  size  and  figure  of  the 
earth. 


THE    VARIABLE    STAR    /*  CEPHEI, 

By  Rf.v.  .JOHN'  (i.  IIAC.EN,   S.  .T.   {(ieorgetoirn  College). 


On  the  9th  of  April,  1888,  Mr.  J.  E.  Gore  presented  to 
the  Royal  Irish  Academy  a  series  of  observations  of  this 
"  garnet  star,"  extending  from  1884  to  1887.  These  obser- 
vations were  published  iu  the  "  Proceedings"  of  the  Acad- 
emy, 3d  ser..  Vol.  I.  No.  1. 

This  star  was  simultaneously  observed  by  my  assistant, 
Mr.  Arthur  Zaiser.  and  a  comparison  of  both  series  will 
be  the  more  interesting,  as  Ar«;;elaxi>er  was  unable  to  de- 
duce the  elements  of  variability  from  his  sixteen  years'  ob- 
servations, or  to  reconcile  his  results  with  those  of  the  dis- 
coverer Hind  and  of  Hkis.  It  may  be  well  to  mention,  that 
the  period  of  419  days  with  residual  errors  as  large  as 
—102  and  -(-119  days,  and  the  other  of  432  days  with  the 
residual  errors  +83  and  — 65  days,  were  considered  by 
Arcjelasder  himself  as  mere  attempts  of  computation. • 

Since  Mr,  Gore  based  his  computations  on  the  "  Harvard 
Photometry  "  scale,  I  have  reduced  Jlr.  Zaiser's  observa- 
tions to  the  same  scale.  The  table  below  gives  the  diflfer- 
cnces,  in  tenths  of  a  magnitude,  of  the  observed  magnitude 
on  each  evening  from  the  mean  of  all  the  observations ;  the 
reductions  were  made  with  two  decimal  [ilaces. 

*  /tfobachtiingen  uufl  liecftnitufffti  iiher  I'tTtitnierlirhc  Steriit',  pp.  .i**-.'!",  where 
CXiircs«loil«  like  these,  "  riel  ;«  grosse  Fehler,"  "  nirhl  r<Tlr,iriliili,"  ••  slimmfii 
gar  iiU-lil,"  cli.,  8ufllclently  characterize  Aruklaskkk's  own  opinion  on  his 
coniputcil  results. 


The  larger  deviations  from  the  mean  magnitude  iu  Mr. 
Gore's  series  may  be  explained  from  the  wider  range  of  his 
comparison  stars 


:  =  3.5  ,       .-  —  4.2 


.  =  4.5 


9  =  4.8 


;.  =  5.3, 


while  Mr.  Zaiser  used  only  T.  £  and  i  =  3,6,  and  perhaps 
also  from  the  fact  that  Mr,  Gore's  observations  were  made, 
as  a  rule,  with  a  binocular  of  two  inches  aperture,  and  Mr, 
Zai.ser's  observations  with  the  naked  eye.  The  letter  h  will 
indicate  when  the  latter  observer  used  an  opera  glass  of  one 
and  one-half  inches  aperture. 

The  time  of  observation,  with  but  few  exceptions,  was 
for  both  observers  between  8  and  10  o'clock  in  the  evening, 
Mr,  Zaiser  using  '-central  time"  (i.e.  Greenwich  time  less 
six  hours.) 

The  differences  in  the  following  table,  when  plotteil  on 
squared  paper,  show  with  great  probability  a  minimum 
pha.ie  of  the  variable  star  in  the  year  1886.  Mr.  Zaiser's 
light-curve  puts  it  in  the- month  of  August,  and  Mr.  Gore's 
in  September,  with  the  magnitudes  of  4.1  and  4.4,  respec- 
tively. The  maximum  phase  is  not  so  well  pronounced  in 
either  curve,  that  of  Mr.  Zaiseu  indicating  a  doubtful  one 
iu  October  1885,  and  that  of  Mr.  Gore  in  June  of  the  same 
vear,  with  the  magnitude  3.7  in  both  cases. 


-Vbhroviiitioiis 


{^i 


Z  =  Zaisf.r,  mean  nio^nitiule  =  3".ss  i 
•"  —  OouK.         "  ••  =4  .00  I 

liaze,  m  ^  inuonlii;lit,  l>  =  biuocular. 


Dilferoiicos  in  tonth  of  a  ui:i^iiituiU' 
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SYSTEMATIC    CORRECTIONS    OF     STAR-POSITIONS    NEAR    THE    EQUATOR, 
WITH   A   XOTE   OX   THE   CONSTANTS   OF   SOLAR   MOTION, 

By  l.KWIS  BOSS. 


The  preparation  of  the  catalogue,  founded  upon  oliserva- 
tions  made  at  Alban}'  for  the  zone  +0°  50'  to  +5°  10'  of 
declination,  under  the  well  known  programme  of  the  Astro- 
nomische  Geselhchaft,  presented  the  occasion  and  motive  for 
a  study  of  the  systematic  peculiarities  of  certain  older  cata- 
logues and  series  of  observations,  withiu  the  limits  of  the 
Albany  zone.  The  question  presented  a  practical  bearing  in 
its  relations  to  the  computation  of  systematically  accurate 
proper-motions  for  telescopic  stars.  If,  for  example,  one 
takes  a  series  of  stars  whose  positions  are  determined  both 
in  the  zones  of  Lalakde  and  Bessel,  and  compares  the  un- 
corrected positions,  obtained  by  these  observers,  with  the 
corresponding  determinations  contained  in  the  Albany  zone, 
it  will  be  found  that  the  annual  proper-motion  resulting  from 
the  comparisons  with  Lai.axde  in  certain  hours  of  right- 
ascension  will  systematically  differ  by  fully  O'.OOo  in  the 
K.A.  and  0".0.i  in  the  declination  coordinate,  from  the  corre- 
sponding proper-motion  derived  from  Bessei,.  These  are 
<|uantities  so  great  that  the  neglect  of  them  is  calculated  to 
produce  a  feeling  of  hopeless  uncertainty  when  one  is  deal- 
ing with  the  smaller  proper-motions  of  the  telescopic  stars, 
the  majority  of  which,  for  the  earlier  dates,  must  depend 
chiefly  ui)on  the  zones  of  Bessel  and  Lai.ande. 

For  the  first  step  in  the  process  of  ascertaining  the  syste- 
matic correction  required  by  certain  star-catalogues,  within 
the  limits  of  the  Albany  zone,  a  Special  Catalogue  of  stand- 
ard stars  was  constructed,  with  which  each  of  the  authorities 
for  star-positions  was  compared.  As  a  convenient  basis  for 
the  construction  of  the  Special  Catalogue,  the  '■'■Fundamental- 
CatuIo(j  fiir  die  Zonen-BeobdrJiluiiiien  "  by  Al'weus  was  adopt- 
ed, for  reasons  which  will  appear.  It  is  the  standard  cata- 
logue upon  which  the  Albany  positions  depend,  and  with 
which  the  hitter  probably  agree  sullieiently  well  in  the  syste- 
matic sense.  It  is  clear  that  for  the  lirst  appro.\imation  to 
tiie  systematic  corrections  it  is  not  necessary  or  even  very 
inq)ortant  that  the  standard  catalogue  of  comparison  shall 
be  free  from  systematic  error.  It  is  only  important  that  the 
positions  be  relatively  good  in  the  sense  of  casual  error.  It 
is  clear,  therefore,  that  the  Fundametilal-Cdloloij  may  be  en- 
larged for  the  present  puri)ose  by  the  addition  of  all  the 


stars  observed  by  Bradlet,  and  catalogued  by  Auwers, 
which  are  at  the  same  time  contained  in  the  Albany  zone  : 
and  that  the  positions  and  proper-motions  so  computed  will 
be  in  general  systematic  accordance  with  those  of  the  Funda- 
mental-Catalofi,  and  particularly  with  those  of  the  23  stars 
of  that  catalogue  which  are  contained  within  the  limits 
of  the  Albany  zone.  Relatively  to  the  determinations  of 
D'Agelet,  Piazzi,  Bessel,  Rvmkeu,  Akgelander  (Bonn 
VI),  and  ScnjELLEUup,  the  intermediate  positions  calculated 
from  this  Special  Catalogue,  for  comparison  with  the  cata- 
logues enumerated  at  the  respective  dates,  will  possess  a 
high  degree  of  accuracy  (except  in  cases  where  Argelasder 
has  em|)loyed  all  the  transit-threads  and  four  microscopes), 
and  will  therefore  be  practically  as  effective  for  the  purposes 
of  this  discussion  as  might  have  been  a  much  more  elabor- 
ately constructed  standard  catalogue.  In  this  way  I  was 
enabled  to  enlarge  the  list  of  23  fundamental  stars  to  a 
Special  Catalogue  of  151  stars  (148  in  u  and  143  in  $). 

Obviously  the  systematic  discordance,  Cj  and  o', ,  of  the 
positions  of  any  catalogue,  subtracted  from  those  of  this 
Sliecial  Catalogue,  must  be  corrected  by  the  amount  of  syste- 
matic correction,  C;  and  c'...,  required  to  bring  the  positions 
of  the  Special  Catalogue  into  systematic  accordance  with  the 
Normal  System  to  be  eventually  adoi)ted,  before  the  true 
correction,  c„  and  c'„,  required  by  any  individual  catalogue 
can  be  ascertained.  We  have  :  c,  +  Cj  =  c„  ;  c\  +  c'.  =  c'„. 
An  enumeration  of  the  catalogues  and  series  of  observations 
treated  in  this  discussion  follows,  with  such  brief  remarks 
regarding  each  as  seem  necessary  to  elucidate  the  subsequent 
investigation. 

D'Agelet.  The  reduction  of  D'Agelets  observations 
by  Guii.n  (Mem.N.A.S'.\o\.  I)  is  employed.  The  discussion 
for  systematic  correction  for  this  catalogue  must  be  founded 
on  a  wider  range  of  declination  and  with  more  numerous 
points  of  comparison  in  the  standard  catalogue  than  were 
available  in  the  present  investigation.  The  stars  of  this 
catalogue  are  rarely  below  the  eighth  magnitude,  and  there- 
fore an  exact  knowledge  of  the  systematic  correction  required 
by  it  is  not  so  important  for  the  inuuediate  purpose  here 
contemplated. 
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effect  of  this  iiiwu  the  rehitive  values  of  J«  atul  J(V  in  the 
successive  nieiius  (order  of  K.A.)  is  uot  important.  For 
Lai.andk  anil  Hksskl,  anil  to  a  less  extent  for  Scii.iki.i.kkui', 
the  constant  errors  of  the  iniliviihial  zones  are  more  effective 
in  ileterininiiig  the  values  o'f  J«  anil  J<f  for  tiie  successive 
grou|)s  tlian  is  tiie  mere  casual  error.  Whenever  it  hecomes 
possible  to  ascertain,  with  suflicient  accuracy,  the  constant 
error  of  each  zone,  lliruugh  comparison  with  a  stanilaril  cata- 

DiRECT  CoMPAUisos  -wrrii  Albany  Catalogue  for  Stars  with  (neglected)  Small,  or  so,  Proper-Motion.     Table  III. 


logue  containing  a  suflicient  number  of  well  determined  po- 
sitions with  corresponding  proper-motions,  tiie  purposes  of 
an  investigation  like  the  present  will  be  immensely  facilitated. 
Zones  1,  2,  o  and  7  of  Besskl,  all  of  which  would  otherwise 
have  been  iuchuled  ia  the  group  of  20'',  are  excluded  from 
this  discussion  because  of  the  very  large  constant  errors  in 
right-ascension  whicli  thev  contain. 
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+  0.07 

—1.0 

32 

+  0.07 

—0.7 

68   +0.07 

—1.0 

134 

+  0.075  —0.92 

22 

23 

+  0.11 

—1.3 

20 

+  0.10 

—1.1 

51    +0.07 

—0.8 

94 

+  0.086  —1.01 

General  means 

317 

+  0.033 

—0.89 

280 

+  0.034 

—0.82 

556   +0.031 

—0.75 

1153 

+  0.032  —0.81 

Uncorrected  ) 
means       j 

+  0.073 

+  0.094 

+  0.101 

+  0.094 

Comparing  the  general  meau  values  of  Ja  for  each  cata- 
logue, and  for  the  groups  in  order  of  magnitude,  it  appears 
that  they  are  more  accordant  when  the  Albany  right-ascen- 
sions are  corrected  for 'personal  equation' dependent  on  mag- 
nitude. This  accordance  is  practically  perfect  for  Bessel 
and  ScHJELLEHUP ;  while  the  discordance  is  marked  for  the 
uncorrected  means.  This  might  be  accepted  as  conclusive 
evidence,  1°,  that  the  adopted  correction  of  Albany  right- 
ascensions  for  personal  equation  dependent  ou  magnitude  is 


valid  ;  2°,  that  no  such  term  of  correction  of  sensible  amount 
is  required  by  the  observations  of  Lalande,  Bessel  or 
ScHJELLERUP.  But  wheu  we  compare  the  corrected  general 
means  of  /Ja,  from  Table  III,  with  the  general  means  for  the 
respective  authorities  in  Table  I,  the  discordance  is  marked. 
In  fact,  it  is  to  be  noted  that  the  uncorrected  mean  values 
of  Ja  in  Table  III,  in  the  combined  general  meau  for  each 
catalogue,  accord  almost  perfectly  with  those  from  Table  I. 
This  might  be  held  to  point  to  the  conclusion  either  that  the 
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Albany  right-ascensions  should  not  be  corrected  for  personal 
equation  dependent  on  magnitude,  or  tliat  this  correction  is 
practically  identical  for  all  the  four  catalogues  concerned. 
The  latter  assumption  must  in  anj'  case  be  regarded  as  highly 
improbable.  But  other  explanations  may  be  found  for  this 
state  of  facts.  The  results  of  Tables  I  and  III  may  differ  on 
accouut  of  the  erroneous  values  of  Struve's  precession- 
coefficients,  since  the  general  means  for  .--/«  in  Table  I  would 
be  practically  free  from  the  effect  of  such  an  error ;  while 
those  for  Lai.ande,  Bessel  and  Sch.tellekcp,  in  Tal)le  III, 
would  contain  the  effect  of  the  error  in  Struve's  m  nuiltiiilied 
by  84,  58  and  18  respectively.  In  the  second  place,  the 
values  of  /Ja  in  Table  I  are  influenced  by  whatever  the  sys- 
tematic correction  of  the  Special  Catalogue  may  be  for  the 
respective  epochs  of  the  various  catalogues  compared  ;  while 
those  of  Table  III  are  affected  by  the  systematic  error  of  the 
Albany  catalogue  (for  the  mean  epocii  1880.5)  alone.  It 
will  hereafter  appear  that  the  greater  pait  of  the  discordances, 
between  the  corrected  values  of  Jic  in  Table  III  and  those  of 
Table  I,  may  be  cleared  up  on  the  assumption  that  they  are 
due  to  the  systematic  errors  of  the  Special  Catalogue. 

The  following  table  contains  some  of  the  more  important 
cases  of  discordance  in  the  mean  values  of  J«  and  Jt^  found 
in  the  progress  of  the  examination  of  Lalande's  and  Bessel's 
zones.  "^ 

Table  IV.* 
Albany— Lalande's  Zones 
JS 
—d'.'& 

— 3.8— r'.o(r— is^.o) 

—3.1  +1  .3(r— 18  .0) 


-4.2 
-4.8 
-6.4 


H.C.  p. 

Ja 

46t 

- 

91 

- 

94 

- 

107 

- 

109 

+  0.40 

184 

- 

•201 

+  0.30 

'230 

—0.13 

231 

— O.OC 

256 

+  0.09  — 0'.09(7'— 7''.C 

336 

+  0.34 

464 

+  0.54 

D'Agelet 

I'iazzi 

Lalande's  zones 

Bessel's  zones 

Strnve,  1830 

Ri'imker 

Schjellerup 

0) 


— 4.7' 


Alhany- 

-Bessel's 

Zones 

Zone 
1 

— o'.oO 

Jd 

2 

-0.57 

- 

5 

—0.43 

—3.9 

6 

—0.50 

—4.8 

7 

—0.33 

—4.3 

8 

—0.39 

—2.5 

45 

—0.23  - 

-0M3(r- 

-7".0) 

- 

47 

+  (1.22 

- 

59 

—0.44 

_ 

+  4. 


130 


-0.36  — 0'.19(r— 1".8) 


Other  zones  might  be  added  to  this  list,  which  present 
discordances  nearly  as  great.  It  is  evident  th;;t  no  great 
precision  can  be  expected  in  the  derivation  of  systematic 
corrections  for  these  observations  if  such  discordances  are 
neglected.  But  the  persistence  of  sign  is  fairly  well  marked 
throughout  all  the  zones  not  included  in  the  foregoing  enu- 
meration, and  zones  including  10  observations  or  less  (in  the 
limits  of  the  Albany  zone),  like  zones  6,  8  and  75  of  Bessel, 
were  excluded  from  the  means  of  Table  III. 

Before  com|)uting  concluded  values  of  Ci  aud  c',  from 
the  Tables  I  and  II,  it  is  necessary  to  notice  that  the  right- 
ascensions  of  the  Special  Catalogue,  other  than  those  of  the 
23  fundamental  stars,  do  not  strictly  conform  to  the  system 
of  the  FundameHtul-Catnlog  if  we  suppose  that  the  correction 
for  personal  equation  dependent  on  magnitude  is  valid.  The 
average  magnitude  of  these  additional  stars  is  almost  exactly 
6''.0,  for  which  the  personal-equation  correction  is  0*.022, 
corresponding  to  the  epoch  1880.5.  We  shall  therefore  have 
for  the  correction  of  the  Special  Catalogue  at  any  epoch, 
r,  — 0«.022  X  HI  X  T3-i(7'— l^-ia.O).  Considering  the  sec- 
ond decimal  only,  this  correction  will  be  O'.OO  for  D'Agelet, 
— 0'.02  for  SciLiELLERUP,  and  — O'.Ol  for  each  of  the  six  other 
authorities.  Adding  these  corrections  to  the  general  means 
for  Ja  in  Table  I,  and  computing  periodic  terms  where  they 
appear  to  be  sensible,  we  have  : 


JIean  Valves  oe  c,  and  c',.     Table  V. 


+  0.14 

+  0.16 

+  0.14 

—0.135  +0M01  sin(«  +  291°) 

+  0.02 

+  0.07 

+  0.07 


—1.8 

—2.92  +0.39  sin(rt  +  339) 

—2.47  +0.38  siu(«  +  319) 

—0.10  +1.32  sin(rt+227) 

—  1.2    - 

—0.14  +0.70  sin(rt+282) 

—0.6 


*  To  reduce  to  the  normal  system  Hiially  luloptcd,  the  corrcclions 
to  the  above  values  of  J,^  and  Jfi  are,  for  Lalande's  zones,  — 0".05 
and  +0".'2  respectively;  and  for  Be.«sel's  zones,  — (l-.Oii  and  -\-0".'l. 
To  these  mi.i;ht  properly  be  joined  the  ctl'eet  of  secular  parallaelie 
motion  for  ninlli-niaKnitude  stars,  as  hereafter  determined,  which 
may  l)e  taken  for  Lalandk  :  +0".090  sin((i — 2()7°)  and  — I".,"j;  and 
for  Bessel  :  +0".OG2  sin(a— 267'-^)  and  — 1".05.   Thus  the  entire  cor- 


rection of  the  above  values  to  tind  the  real  corrcclions  to  tlie  nor- 
mal system,  are  for  Lalandk  :  for  Ju,  — 0».0,j  — C.OOO  sin(n — 267'-'') ; 
for  Ji\,  -)-l".7;  and  for  Bessel's  zones:  for  Ju, — O-.Ort  — 0*.062 
sin(ii — 2r.7  ) ;  for  J((.  -(-1  ".I."!,  which  cpinntities  must  be  ninnerically 
adileil  to  those  taken  fri>m  Tal>le  1\'  in  oitler  to  olitain  the  true  jiys- 
tcmatlc  corrections  for  these  zones. 

t  .\pplies  to  observations  after  .">''  of  H..V. 
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The  evidence  in  favor  dI'  llif  periodic  terms  for  Piazzi, 
Lai.ande's  zones  and  for  Kimkik,  is  very  sliglit,  so  far  as  tlie 
coiiiparison  witii  tlie  Special  Calahigue  is  concerned  ;  but 
since  \'<)N  Asten's  tables,  wiiicli  are  based  on  Piazzi's  cata- 
logue, were  employed  in  oonipnting  Lai.anke's  positions  for 
1800,  the  correction  required  by  J^ai.ande's  zones  so  reduced 
should  closely  resemble  tiiat  recpiired  by  Piazzi's  catalogue. 
The  two  formulas,  therefore,  by  their  close  agreement  from  in- 
dependent calculation  greatly  increase  the  probability  in  favor 
of  each.  In  fact,  I  have  elsewhere  found  {Dedinatiotis  of 
Fixed  Stars,  App.  H,  Report  U.S.  Northern  Houndary  Com- 
mission, Washington,  187S)  that  Piazzi's  declinations,  from 
+  40°  to  — 30°  of  decliuatioii,  apiiear  to  rei|uire  a  correction 
of  the  form  : 


-f0".56  sin(«  +  341°). 

The  normal  system  of  star-positions  selected  as  a  basis  to 
which  the  final  corrections,  e„  and  c'„,  will  be  referred,  is 
that  of  the  American  Ephemeris  for  1881  and  subsequent 
years.  This  deijends  for  right-ascension  on  Newcomij's  well 
known  paper  upon  the  Right- Ascensions  of  the  Fundamental 
.Stars,  (^App.  Ill,  Washington  Astr.  unci  Meteor.  Ohserv.  for 
1870),  and  for  declination  ujjon  my  own  work  entitled. 
Declinations  of  Fixed  Stars  (App.  //,  Report  U..S.  Northern 
Boundary  Commission,  Washington,  1878).  A  statement 
of  the  reasons  which  governed  this  choice  would  extend  this 
article  beyond  desirable  limits,  and  is  omitted. 

{Concluded  in  next  number.) 


OBSERVED  MAXIMA  AND  MINIMA  OF 

By  p.  S.  Y 
S  JJrsae  Majoris. 
A  series  of  observations  of  this  variable,  24  in  number, 
extending  from  1888  Nov.  28  to  1889  Mar.  22,  indicates  a 
maxinuim,  at  6". 7,  1889  Feb.  18.  This  and  the  preceding 
maximum  are  interesting  ou  account  of  their  departure  from 
the  usual  light-curve  of  the  star,  which  is  characterized  by 
Mr.  Chandler  ou  page  165  of  Vol.  VIII  of  this  Journal  as 
"  unusually  flat  "  at  the  maximum.  In  each  of  the  last  two 
maxima,  duriug  the  nine  or  ten  weeks  preceding  this  phase, 
there  were  two  sharp  fluctuations  in  the  rising  curve,  which, 
upon  plotting  the  two  curves  together,  coincide  closely  in  time 
and  amplitude,  and  a  final  rapid  upward  rush  to  the  maximum, ' 
also  shown  at  l)Oth  times  ;  after  the  maxinuim  the  light  fell 
away  with  equal  suddenness,  fixing  the  time  of  this  phase 
quite  closely. 

T  Ursae  Majoris. 
This  star  presented  nothing  unusual  at  its  maximum, 
which  occurred  1889  Jan.  13.  It  was  first  observed  1888 
Nov.  9,  rising  quite  rapidly  to  a  magnitude  of  7*'.  7  about 
1889  Jan.  1  ;  at  this  brightness  it  remained  until  Jau.  25, 
after  which  it  declined,  rather  less  rapidly  than  it  increased. 
At  the  last  observation,  1889  Mar.  22,  its  m.agnitude  was 
about  9". 2,  and  its  decline  had  become  quite  gradual. 

E  Lyrae. 
Of  Ti  Lyrae,  two  maxima  and  two  minima  have  been  ob- 
served, as  follows. 

Maxima  Minima 

1888  December    3  1888  Deeemlior  21 

1889  January      14  _-        1889 'February      9 
Dorchester,  Mass.,  1889  May  6. 


VARIABLE   STARS   IN  1888  AND   1889, 

ENDELL. 

J{  Corvi. 
Unfavorable  weather  has  to  a  great  extent  interfered  with 
observation  of  this  star,  and  only  six  observations  have  been 
obtained  between  1889  Mar.  30  and  April  30.  These  indi- 
cate that  a  maximum  was  passed  on  or  about  1889  April  9, 
and  give  a  suggestion  of  a  secondary  maximum  about  May  1. 

Ahjol. 
A  single  minimum  of  Algol  was  obtained  from  1 1   naked- 
eye   observations,    1888    Dec.  6''  9''  15'"    Camloridge    mean 
time. 

Y  Cygni. 
Minima   were  observed   as   follows,  with   telescope  of  4^ 
inches. 

<1        h        111 

1888  Sept.  10  12  51   from  12  observations. 
"       28  12  54      "      13  •' 

Oct.     10   13  23      "      17 
Tlie  full  aperture  was  used  on    the  first  date  ;    but  only 
three  inches  of  it  on  the  others. 

(J  Cephei. 
Minima  were  observed  as  follows,  with   telescope  of  4^- 
inches. 

1888  Oct.     10  ll'l8'."4  from  19  observations. 

1889  April  30     9  45         "       3 
May      o     9   16.5      "     11 

The  observations  on  April  30  were  made  with  the  purpose 
only  of  obtaining  the  star's  light  at  minimum  ;  but  "on  re- 
ducing them  they  were  found  to  indicate  a  minimum,  and  it 
is  here  given  for  what  it  is  worth. 

The  star's  observed  light  at  minimum  on  1888  Oct.  10 
was  =  Glasenapp's  comparison  star  d  :  ou  1889  April  30  it 
was  2  steps  >  d,  as  also  May  5. 


TWO   HUNDRED   EIGHTY-FOURTH  ASTEROID, 

A  planet  of  the  twelfth  magnitude  was  discovered  M.ay  29,  at  Nice,  in  the  position, 
1889  May  29.4014  Gr.  M.T.  u  =  14"  21'"  11". 8         8  =  U°  22'  32"  Daily  motion,  — 32»  in  a,  and  8'  northward. 
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THE   WHITE   SPOT   OX   THE   RING  OF   SATURJ^, 

Bv   I'ltoF.   A.   H.VLL. 
[Communicated  by  tlie  Superintendent  of  the  Xiival  Observatory.) 


My  experience  in  observing  this  spot  having  been  diflfer- 
ent  from  that  of  most  observers,  it  may  be  worth  while  to 
give  it.     The  first  note  in  my  hand-book  is  as  follows : 

"  1889  March  13,  9"^.  Received  Ritchie's  telegram  an- 
nouncing Terht's  discovei-y  of  white  spot  on  Ring  of  Saturn 
near  shadow  of  Ball.  This  looks  to  me  like  the  effect  of  con- 
trast betiveen  shadow  and  surface  of  Ring,  and  such  as  has 
been  noticed  before." 

The  spot  was  next  observed  on  March  17,  during  several 
hours,  but  it  showed  no  motion.  Mr.  G.  Andkrson,  assis- 
tant, could  not  see  it.  I  have,  how^ever,  continued  to  see 
this  spot  from  March  13  until  May  15.     AVith  high  powers 

1889  Afa;/  10. 


it  becomes  less  distinct.  On  several  occasions  I  have  called 
the  attention  of  visitors,  some  of  them  experienced  observers, 
to  the  spot,  and  have  found  that  very  few  of  them  could  see 
it  even  when  told  where  to  look.  On  May  3  I  was  at  the 
Washburu  (Jbservatory,  and  found  that  the  astronomei-s 
there.  Professors  Comstock  and  Bkowx,  and  Mr.  Egbert, 
had  not  seen  this  spot.  I  saw  it  with  the  IS^-inch  refractor 
of  that  Observatory  very  much  as  it  appears  in  the  "ie-inch 
refractor  at  Washington. 

Since  many  observers  have  not  been  able  to  see  this  sixjt, 
and  as  it  shows  no  motion,  I  conclude  that  it  is  not  real,  and 
is  probably  the  effect  of  contrast. 


SUN-SPOT   OBSERYATIOX8, 

By  H.  V.  GUMMEKK. 


On  the  6th  of  May,  while  observing  the  sun,  a  group  of 
three  spots  was  discovered  very  close  to  the  following  limb, 
having  evidently  just  appeared  by  rotation.  Nothing  un- 
usual was  noticed  about  the  group.  On  the  following  day, 
however,  more  spots  were  visible,  and  a  well  defined  penum- 
bra had  appeared  on  the  side  of  the  spot  furthest  from  the 
limb.  Drawings  of  the  spot  were  immediately  made  both  by 
Prof.  Leavknwoutii  and  myself,  which  agreed  very  well  in 
general  outline,  and  a  combined  copy  of  which  is  inclosed. 
The  penumbra  seemed  darkest  just  above  the  two  principal 

JIaverford  College,  1889  May  10. 


spots,  but  just  between  them  appeared  a  sharply  defined 
white  line.  The  following  day,  drawings  were  again  made. 
The  penumbra  iiad  almost  entirely  disappeared  from  around 
the  sni.iUer  spot,  while  the  larger  one  appeared  broken  into 
three  with  the  penumbra  contracted  into  a  semicircle  on  its 
left.  The  next  day  the  penumbra  was  entirely  gone.  Dur- 
ing the  whole  time  no  trace  of  a  penumbra  was  seen  on  the 
side  nearest  the  limb.  The  observations  were  made  with  an 
8j-iuch  refractor  provided  with  a  Merz  helioscope. 


EPHEMERIS  OF   CO^IETc  1888, 

By  C.  W.  CROCKETT. 
[Continued  from  No.  192.] 


1889  Gr.M.T 

•   App.  a 

App.  8 

log,. 

log  A 

Br. 

1889  Gr.M.T 

.   App.  a 

App.  d 

logr 

log  A 

Br. 

June  30.5 

2l''4.5"l8'.0 

+  I2r>'-H)' 

0.41361 

0.26262 

2.4 

JuIn 

18.5 

2o''4r53.3 

—1°  6  42" 

0.43828 

0.25017 

2.3 

July  1.5 

42  4.2 

1  19  24 

19.5 

38  13.2 

1  17  00 

2.5 

38  47.5 

1  12  45 

0.41638 

0.25S98 

2.4 

20.5 

34  33.6 

1  27  25 

0.44098 

0.25197 

2.2 

3.5 

35  28.1 

1  5  50 

21.5 

30  54.8 

1  37  56 

4.5 

32  6.0 

0  58  38 

0.41911 

0.25582 

2.4 

22.5 

27  16.9 

1  48  32 

0.44367 

0.25445 

2.2 

5.5 

2,S  41.3 

0  51  10 

23.5 

23  40.2 

1  59  12 

6.5 

25  14.3 

0  43  26 

0.4  2 190 

0.25318 

2.4 

24.5 

20  5.0 

2  9  55 

0.44636 

0.25758 

2.1 

7.5 

21  45.1 

0  35  27 

25.5 

16  31.4 

2  20  41 

8.5 
9.5 

18  13.9 
14  40. H 

0  27  14 
0  18  46 

0.42465 

0.25111 

2.4 

26.5 
27.5 

12  59.7 
9  30.0 

2  31  28 
,  2  42  16 

0.44904 

0.26135 

2.1 

10.5 

11  6.0 

0  10  3 

0.42739 

0.24963 

2.4 

28.5 

6  1'.4 

2  53  3 

0.45170 

0.26574 

2.0 

11.5 

7  29.8 

-(-0  1  7 

29  5 

20  2  37.3 

3  3  50 

12.5 

3  52.3 

—0  8  1 

0.43013 

0.24.S7.S 

2.4 

30.5 

19  59  14.7 

3  14  35 

0.45435 

0.27070 

1.9 

13.5 

21  0  13.8 

0  17  22 

31.5 

55  54. >s 

3  25  1 8 

14.5 

20  56  34.4 

0  26  54 

0.43285 

0.2485.S 

2.4 

Aug 

.  1.5 

52  37.,S 

:',  35  58 

0.45699 

0.27621 

1.9 

15.5 

52  54.5 

0  36  37 

2 . 5 

49  23.9 

;!  46  34 

16.5 

49  14.2 

0  46  30 

0.43557 

0.24904 

2.3 

3.5 

46  13.1 

:".  57  6 

0.45963 

0.2.S222 

l.s 

17.5 

20  45  33.7 

—0  56  32 

4.5 

19  43  5.4 

— 1  7  33 
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1889  Gr.M.T 

App 

•  «  .■ 

•   App.  5 

logr 

log  A 

Br. 

1889  Gr.M.T 
Sept.  18.5 

App.  « 
18  21  57.8 

App.  8 
—  9  45  16 

logr 
0.51717 

log  A 
0.47399 

Br 

All".  5.5 

19  40 

'  l.'l 

—i 

1  7  55 
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SYSTEMATIC    COREECTIOXS    OF     STAE-POSITIOXS    XEAR    THE    EQUATOR, 
WITH  A   NOTE   OX   THE   COXSTAXTS   OF   SOLAR   MOTIOX', 

By  LKWIS  BO.SS. 


It  is  now  iu  order  to  ascertuiu  the  systematic  corrections, 
c,  and  c'o,  necessary  to  reduce  the  positious  and  proper  mo- 
tions of  the  Fundamental- Catalog  to  the  adopted  normal  sys- 
tem. In  the  work  already  cited,  Nkwcojib  gives  the  cor- 
rection for  Bessel's  reduction  of  Bkadley's  observations  as 
— O'.Ol,  neglecting  small  periodic  terms  wliich  are  evidently 
of  no  practical  importance. 

The  new  reduction  by  Auwers  has  been  most  exhaustively 
compared  by  him  with  that  of  Bessel  ;  and  the  relation  be- 
tween the  two  is  of  a  somewhat  complicated  form.  It  may 
be  simplified  for  the  present  purpose  by  considering  only 
tluit  portion  of  Bradlev's  catalogue  which  lies  within  the 
limits  of  the  Albany  zone.  In  this  region  the  mean  difference, 
Auwers — Bessel,  is  +0'.053  ;  hence  we  have,  for  Newcomb — 
Auwers's  Bradley,  — 0'.063.  (For  all  the  stars  south  of  the 
Greenwich  zenith  Auweus  finds  ^-0^041  for  Auwers — Bessel, 
aud  therefore  Newcomb — Auwers's  Bradley  =  — O'.Ool.) 
Iu  computing  the  positions  of  his  Fundamental-Catalog 
Auwers  began  with  the  Pulkowa  catalogue  for  1865  as  a 
basis,  having  first  corrected  the  right-ascensions  to  New- 
comb's  normal  system.  For  stars  near  +3°  of  declination 
we  have,  accordingly,  as  the  correction  of  the  Fundamental- 
Catalog  to  the  adopted  normal  system, 

c,  =  -f-0».0005  (T- 1865).  ' 

I  iiave  elsewhere*  found  for  declination  and  proper-motion 
as  tlie  relation. 

Normal — Auwers's  Fundamental  C.\TALOt;. 
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—10 

+  0.30 

—0.012  (T- 1875) 

0 

+  0.25 

—0.014 

+  10 

+  0.18 

—0.012 

-1-20 

+  0.10 

—0.011 

+  30 

+  0.04 

—0.015 

+  40 

+  0.01 

—0.012 

+  50 

—0.03 

—0.005 

+  60 

—0.06 

0.000 

+  70 

—0.08 

+  0.003 

+80 

—0.10 

+  0.004 

*  Proceedings  of  the 

\m.  As^soc 

Adv.   Sci.,  SariUoira  Meeting. 

1879,  pp.  119-121. 

But  iu  order  to  determine  the  correction  more  especially 
for  the  region  under  discussion,  I  have  made  a  comparison 
between  my  standard  declinations  and  proper-motions  aud 
those  of  the  Fundamental-Catalog  of  Auwers,  confining  the 
discussion  to  stars  situated  between  the  parallels  of  +15° 
and  — lO''  of  declinatiou,  with  the  foUowino;  result. 


Stars 


JcV 


J/^' 


0 

11 

+  0.25 

—0.0097 

4 

0 

+  0.18 

—0.0093 

8 

5 

+  0.13 

—0.0198 

12 

5 

+  0.10 

—0.0152 

16 

8 

+  0.24 

—0.0139 

20 

14 

+  0.26 

—0.0126 

General  means 

52 

+0.217 

—0.0126 

There  is  here  some  evidence  favoriug  the  hypothesis  of 
periodicity  in  K.A.  for  the  values  of  J8  aud  z/.a ;  but  I  have 
shown  iu  the  article  previously  cited  that  such  a  term  is 
probably  insensible  when  all  decliuatious  are  taken  into  ac- 
count. I  therefore  adopt  for  tlie  correction  iu  declination, 
Normal — Auwers  (F.C.), 

<-'^  =  +0".217  — 0".0126  (T- 1875). 

Adduig  tliese  values  of  c,  and  c'o  to  the  quantities  iu  Table 
V,  we  have  the  final  values  of  c„  aud  c\,  for  the  various  cata- 
logues, so  far  as  these  result  from  the  comparisons  with  the 
Special  Catalogue.  It  will  be  desirable  in  some  cases,  how- 
ever, to  derive  them  from  other  sources  also.  If  we  disre- 
gard the  possible  error  of  Stkuve's  precession-coefficients,  as 
well  as  the  effects  of  parallactic  motion,  neglected  proper- 
motion  and  other  neglected  secular  terms  which  may  affect 
the  positious  of  stars  when  transferred  from  oue  epoch  to 
another,  we  may  obtain  values  of  c„  and  o',,  from  Table  III 
by  apiilyiug  to  it  the  systematic  correction  due  to  the  Albany 
catalogue  for  1880.5.  From  the  foregoing  values  of  c.  and  c'.~ 
this  becomes:   +0'.008  in  K.A.,  aud  +0".15  in  Decl. 

Newuomu  has  investigated  the  correction.  t\,.  to  his  system 
required  by  the  right-ascensions  of  Piazzi  aud  Strcve  (1830)  ; 
and  I  have  elsewhere  {^Ded.  Fixed  Sta »■.<)  computed  c'„ for  these 
authorities.     The  corrections  for  D'Agelet.  Lalasde.  Bes- 
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SYSTEMATIC    COERECTIOXS    OF     STAR-POSITIOXS     XEAR    TIIE    EQUATOR. 
WITH  A  XOTE   OX   THE   COX^STAXTS   OF   SOLAR   MOTIOX, 

By  lewis  boss. 


It  is  uow  iu  order  to  ascertain  the  systematic  corrections, 
c,  and  c'o,  necessary  to  reduce  the  positions  and  proper  mo- 
tions of  tlie  Fumlamental-Calalorj  U)  tlie  adopted  normal  sys- 
tem, lu  the  work  already  cited,  Newcomb  gives  the  cor- 
rection for  Bessel's  reduction  of  BK.\r>LEY's  observations  as 
— O'.Ol,  neglecting  small  periodic  terms  whicli  are  evidently 
of  no  practical  importance. 

The  new  reduction  by  Auwers  has  been  most  exhaustively 
compared  by  him  with  that  of  Bessel  ;  and  the  relation  be- 
tween the  two  is  of  a  somewhat  complicated  form.  It  may 
be  simplified  for  the  present  purpose  by  considering  only 
that  portion  of  Bradley's  catalogue  which  lies  within  the 
limits  of  the  Albany  zone.  In  this  region  the  mean  difference, 
Auwers — Bessel,  is  -f  O'.OoS  ;  hence  we  have,  for  Newcomb — 
Auwers's  Bradley,  — 0'.063.  (For  all  the  stars  south  of  the 
Greenwich  zenith  Auwers  finds  -)-0\041  for  Auwers — Bessel, 
and  therefore  Newcomb — Auwers's  Bradley  =  — O'.Ool.) 
In  computing  the  positions  of  his  Fundamental-Catalog 
Auweks  began  with  the  Pulkowa  catalogue  for  1865  as  a 
basis,  having  first  corrected  the  right-ascensions  to  New- 
comb's  normal  system.  For  stars  near  -1-3°  of  declination 
we  have,  accordingly,  as  the  correction  of  the  Fundamental- 
Cutalog  to  the  adopted  normal  system, 

c.  =  +0'.0005  (T— 1865).  ' 

I  have  elsewhere*  found  for  declination  and  proper-motion 
as  the  relation, 

NouMAi. — Auwers's  Findamestal  Cataiam;. 


JS 


lu 


—10 

+  0.30 

—0.012  (T- 1875) 

0 

+  0.25 

—0.014 

-t-10 

+  0.18 

—0.012 

+->(i 

+  0.10 

—0.0 11 

+  -io 

+  0.04 

—0.015 

-f-40 

+  0.01 

—0.012 

+  50 

—0.03 

—0.005 

+  60 

—0.06 

0.000 

+  70 

—0.08 

+  0.003 

+  80 

—0.10 

+  0.004 

But  in  order  to  determine  the  correction  more  especially 
for  the  regi'ju  under  discussion,  I  have  made  a  comparison 
between  my  standard  declinations  and  proper-motions  and 
those  of  the  Fimdamental-Catulog  of  Aiwers,  confining  the 
discussion  to  stars  situated  between  the  parallels  of  +15° 
and  — 10"  of  declination,  with  the  following  result. 

R..\.  Stars  JiV  j.-ii' 


0 

11 

+  0.25 

—0.0097 

4 

9 

+  0.18 

—0.0093 

8 

5 

+  0.13 

—0.0198 

12 

5 

+0.10 

—0.0152 

16 

8 

+0.24 

—0.0139 

20 

14 

+  0.26 

—0.0126 

General  means 

52 

+0.217 

—0.0126 

•  Proceedinsfs  of  the  \m.  As 
1879,  pp.  119-121. 


.Vdv.   Soi.,  Saratoga  Moolini;. 


There  is  here  some  evidence  favoring  the  hypothesis  of 
periodicity  in  K.A.  for  the  values  of  JS  and  J.x  ;  but  I  have 
shown  in  the  article  previously  cited  that  such  a  term  is 
probably  insensible  when  all  declinations  are  taken  into  ac- 
count. I  therefore  adopt  for  the  correction  in  declination. 
Normal — Auwers  (F.C.), 

c.,  =  +0".217— 0".0126  (T- 1875). 

Addmg  these  values  of  Co  and  c',  to  the  quantities  iu  Table 
V,  we  have  the  final  values  of  t\,  and  c\,  for  the  v.-uious  cata- 
logues, so  far  as  these  result  from  the  comparisons  with  the 
Special  Catalogue.  It  will  be  desirable  in  some  cases,  how- 
ever, to  derive  them  from  other  sources  also.  If  we  disre- 
gard the  possible  error  of  Stuive's  ((recession-coefficients,  as 
well  as  the  effects  of  parallactic  motion,  ueglecteil  jtroper- 
motion  and  other  neglected  secular  terms  which  may  affect 
the  positions  of  stars  when  transferred  from  one  epoch  to 
another,  we  may  obUiin  values  of  c,.  and  o'„  from  Table  III 
by  applying  to  it  the  systematic  correction  due  to  the  Albany 
catalogue  for  1880.5.  From  the  foregoing  values  of  c-  and  c  ; 
this  becomes:   +0".008  in  U.A.,  and  +0".15  iu  Decl. 

Newcomu  has  investigated  the  correction,  t\,.  to  his  system 
required  by  the  riglit-asoensions  of  TiAZzi  and  iSxiiUVE  (1830)  : 
and  I  have  elsewhere  (Dtcl. Fixed  Sturs)  computed  c'„forthese 
authorities.     The  corrections  for  n'.\GELET.  Lalxxpe,  Bes- 
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SEL  aud  Akgei.akder  (IHoo),  might  also  be  inferred  in  whole 
or  part  hv  the  values  of  c„  aud  c'„  for  the  standard  catalogues 
ui)on  which  they  are  based  ;  but  these  values  differ  very  de- 
cidedly from  those  otherwise  ascertaiucd,  for  D'Agei.et  aud 
Bessel  at  least,  aud  for  Ahgei.ander  the  standard  catalogue 
was  not  the  same  throughout  the  observations.  In  the  older 
zoue-observatious  we  have  little  independent  assurance  that 
the  systematic  peculiarities  of  the  respective  standard  cata- 
logues wore  reproduced  in  the  observations  for  which  they 
served  as  a  liasis.  One  reason  for  this  is  that  the  individual 
star-positions  of  these  standard  catalogues  were  often  subject 
to  very  material  errors  ;  but  a  much  more  effective  source  of 
error  arises  from  the  methods  of  observation  of  zone-stars,  in 
the  case  of  Bessel's  zones  at  least. 

The  value  of  t'o  aud  c'o  may  be  derived  for  the  catalogue 
of  SCHJELLEKUP  through  the  comparison  with  the  Armagh 
catalogue  for  1840,  which  Schjellekup  gives  in  the  intro- 
duction to  his  catalogue.  Adopting  the  quantities  resulting 
from  294  differences  in  R.A.,  and  287  in  c"t  (p.  xx  of  the 
Int.),  we  have  for  Armagh — Schjellerup  :  Ju  =  -^O^OoO, 
J5  =  -1-0". 19.  Newcomb  finds  -f-0^0■20  as  the  correction  to 
right-ascensions,  aud  for  the  region  -f-15°  to  — 15°  I  find 
{Ded.  Fixed  Stars,  p.  177)  — 0".95  as  the  correction  to 
the  declinations  of  Robinson's  Armagh  catalogue.  Thus  we 
iiave  : 

Normal — Sclij.  (through  Armagh  catalogue)  : 
c„  =  -l-0\070;  c'o  =  — 0".76. 


The  positions  of  the  British  NatUical  Almanac  served 
Schjellerup  as  a  standard  catalogue.  1  find  for  58  stars 
of  the  Nautical  Almanac  for  1863  between  -(-15°  and  — 15° 
of  declination  :  e„  ^  -t-0'.064  ;  c'„  =  -f-0".07.  The  value 
of  c'o  is  at  variance  with  other  determinations  of  this  (pian- 
tity.  To  Co  niight  be  appended  the  periodic  term  which  New- 
comb  found  for  the  Greenwich  right-ascensions  for  1840, 
— 0*.03  sin«  -f  0.01  cos«,  since  it  is  consistent  with  the  indi- 
vidual mean  values  of  Co  which  I  have  found.  But  the  con- 
stant, +  0'.OC)i,  though  it  agrees  well  with  that  which  results 
from  comparison  with  the  Special  Catalogue  (Table  V)  and 
also  with  the  foregoing  derived  through  Armagh,  does  not 
accord  well  with  the  corrected  mean  to  be  hereafter  derived 
from  Table  III,  which  is  -f-0'.040.  It  may  be  remarked  that 
the  differences  for  Co  from  the  58  stars  range  in  value  from 
— 0'.02  to  -I-0M9  ;  so  that  one  cannot  demand  critical  agree- 
ment between  results  for  systematic  correction.  From  the 
mean  of  all  values  of  J«  in  Table  III,  I  derive 
-1-0'. 032  4-0'. 001  sin «  -l-0'.020  cos  « 
— 0'.04-2  sin2f4  — 0».016cos2« 
but  so  much  depends  upon  the  choice  of  standard  stars  which 
Schjellerup  may  have  happened  to  make  on  each  night,  that 
the  periodic  part  of  this  expression  cannot  be  regarded  as  of 
much  significance. 

On  the  principles  already  prescribed  the  several  values  of 
Co  and  c'o  are  computed,  and  are  here  collected  for  purposes 
of  comparison. 


Tabl'e 

YI. 

Throiish 

'-■„ 

c'o 

D'Agelet 

Sp.  Cat.  Tab.  I  and  11 

-1-0.09 

—o"a 

Piazzi 

Sp.  Cat.  Tab.  I  aixl  11 

-1-0.12 

—1.76 

Direct 

-f0.08 

8                                                            O 

—1.40 

Lalaude's  zones 

Sp.  Cat.  Tab.  I  aud  II 

-fO.lO 

-1-0.018  sin(«  +  201) 

—1.24 

Alb.  Cat.  Tab.  Ill 

-1-0.06 

+  0.072  siu(,(+   94) 

—3.05 

Bessel's  zones 

Sp.  Cat.  Tab.  I  and  11 

—0.16 

+  0.101  sin(«  +  291) 

+  0.78 

Alb.  Cat.  Tab.  Ill 

—0.15 

+  0.046  siu(«+300) 

—0.30 

Struve,  1830 

Sp.  Cat.  Tall.  I  and  II 

0.00 

—0.42 

Direct 

—0.014 

—0.42 

Riimkcr 

Sp.  Cat.  Tab.  I  aud  II 

-1-0.06 

+  0.52 

Argelander  (Bonn) 

Alb.  Cat.  Tab.  Ill 

—0.06 

+  0.026  sin(.<+   38) 

—l.Oi 

Direct  (Bonn,  1866) 

- 

—0.28 

Schjellerup 

Sp.  Cat.  Tab.  I  aud  II 

-f-0.07 

—0.26 

Alb.  Cat.  Tab.  Ill 

-1-0.040 

—0.66 

Armagh 

-1-0.070 

—0.76 

Naut.  Almanac 

+  0.064 

— 0.03  sin  (t  +  0\01eos.i 

+  0.07 

+  0.39  sin(«+339) 
+  0.56  sin(«+341) 
+  0.38  sin(«+319) 
+  0.81  sin(rt  +  275) 
+  1.32siu(«+227) 
+  1.17  sin(«+250) 


+  0.70  siu(«+282) 
+  0.27  sin(«+309) 
+  0.34  siu(«  +  334)' 


In  deciding  upon  the  adopted  values  of  the  corrections, 
Co  aud  c'o,  from  the  preceding  table,  the  preference  will  be 
ffiven  to  the  results  from  Tables  I  and  II  whenever  the  com- 


parisons on  which  they  are  founded  appear  sufficiently 
numerous.  The  comparatively  large  dift'erences  between  the 
results  from  Tables  I  and  II,  as  compared  with  those  from 


*This  is  the  correction  which  I  have  found  for  Bonn,  1866  (Ast.  Xach.  1719),  anil  it  is  not  strictly  comparable  with  that  which  is 
required  for  the  general  run  of  observations  in  Volume  VI  of  the  Bonn  Observations. 
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Table  III,  appear  to   point  to  some  systematic  source   of  \  — 0".01S\{T — 1880. o). 

difference,  whicii  will  be  investigated  hereafter.     The  values  '  (where  T  is  the  epoch  of  the  catalogue   in  question)   for 

of  the  constant  terms  of  c'„  from  Table  III  may  be  permitted  reasons  which  will  Ite  explained  hereafter. 

to  have  some  weight  after  thev  are  corrected  bv                         1  Following  is  the  table  of 


Table  VII 


Authority 

Epoch 

D'Agelet 

1783 

Piazzi 

1800 

Lalande's  zones 

1796 

Bessel's  zones 

1823 

Struve,  1830 

1830 

Riimker 

1840 

Argelander  (Bonn) 

18.i9 

Schjellerup 

1863 

Albanv 

1880..5 

—0.40 

—1.60  4-0.50  sin(«4-340) 

—1.35  +0.50  siu(a+340) 

+  0.80  +1.32  sin(«+227) 

—0.42 

+  0.52  +0.70  sin(«+282) 

—0.45  +0.30sin(«+320) 

—0.30 

+  0.15 


Finally  Adoited  Systematic  Cokkectioxs 
<•« 
+  0.09 
+  0.12 

+  0.09  .  o 

—0.16     +0.101  sin(«+291) 
—0.014 
+  0.06 
—0.06 
+  0.06 

+  0.008—0.0087  (3/— 4) 
—0.00116  (Ji— 4)- 

The  application  of  the  above  corrections  is  intended  to 
bring  the  various  catalogue-determinations  near  +3'  (say  0° 
to  +6°)  of  declination  into  systematic  harmony  with  the 
star-positions  of  the  American  Epheineris  for  1881,  which 
are  founded  upon  the  investigations  of  Newcomh  for  right- 
ascension,  and  of  Boss  for  declination.  They  may  be  re- 
garded as  applying  sufficiently  well  throughout  the  region 
+  15"  to  — 15°  of  declination.  I  ~ 

c„  axd  c'o  fkom  Comparison  with  Albany  minus  the  same  from  Comparison  with  the  Special  C.^talocji  e 

JCc.  -C\. 

— o'.04  +0'080sin(«+  81) 
+  0.01  +0.056  siu(«+104) 
—0.03 


For  Lalande's  zones 
Bessel's  zones 
Schjellerup 

So  far  as  the  constant  part  of  Co  and  the  periodic  part  of 
c'o  is  concerned  the  dift'erences  when  comiiared  with  each 
other  appear  to  follow  no  readily  discoverable  law.  The  pre- 
ponderance of  the  minus  quantities  in  the  constant  part  of  JCo 
might  arise  either  from  error  in  NEWCOMii's  system,  from 
personal  equation  dependent  on  magnitude,  or  from  a  very 
small  error  in  Struve's  value  of  m,  but  none  of  them  is  large 
enough  to  excite  much  curiositv. 

But  in  reference  to  the  periodic  part  of  the  values  of  Je„ 
and  the  constant  part  of  Jc'o  the  case  is  different,  since  there 
is  a  general  resemblance  between  the  successive  i[uantities 
wliicli  cannot  fail  to  attract  attention.  The  constant  part  of 
the  differences  for  Jc'o  might  be  attributed  to  error  in  the 
normal  system  ;  but  it  is  hardly  supposable  that  any  rela- 
tively important  part  of  them  could  have  arisen  from  this 
source.  The  only  other  explanation  which  readily  suggests 
itself  is  that  the  periodic  part  of  JCy  and  the  constant  part  of 
Jc'o  arises  from  the  parallactic  effect  of  solar  motion.  This 
hypothesis  we  will  proceed  to  investigate. 

The  stars  from  which  these  differences  arise  are  on  the 
one  side  those  whose  proper-motions  are  known  and  taken 
into  account,  and  the  values  of  Co  and  c'„  from  them  may  be 
su|)posed  to  be  free  from  any  secular  parallactic  effect,  for 


The  discrepancy  in  Table  VI  between  the  corrected  results 
from  Tables  I  and  II  and  those  from  Table  III.  is  sufficiently 
great  to  excite  attention  ;  and  although  the  quantities  from 
Tables  I  and  II  depend  upon  a  small  number  of  comparisons, 
still  these  differences  are  evidently  larger  than  those  which 
could  readily  be  ascribed  to  casual  errors  of  observation. 
We  have  : 

Table  VIII. 

—1.80  +0.60  siu(«+  69) 

—1.08   +0.51  sin(rt+345) 

—0.34 

reasons  which  do  not  appear  to  require  special  demonstration. 
On  the  other  hand.  Table  III  was  constructed  through  the 
comparison  of  star-positions  from  the  respective  authorities 
with  the  corresponding  ones  of  the  Albany  catalogue  :  and 
the  former  were  brought  down  to  the  epoch  of  the  latter 
without  correction  for  proper-motion  in  any  case.  The  stars 
in  question  here  are  for  Lalande.  only  those  which  he 
designated  as  of  the  magnitude  7-8  (i.e.  7". 5)  or  fainter,  and 
whose  proper-motion  appears  to  be  within  the  probable  error 
of  determination.  —  probably  the  mean  magnitude  is  not  far 
from  8>'.5  ;  for  Bessel  they  are  also  stars  whose  proper-mo- 
tions cannot  safely  be  evaluated,  and  which  he  estimated  to 
be  of  the  magnitude  8-9  (i.e.  8*". 5)  or  fainter  (mean  prob- 
ably 8". 9  to  y.O)  :  and  for  Schjellerlp  (for  the  purjioses 
of  the  present  discussion)  those  stars  which  in  the  Albany 
catalogue  are  estimated  to  be  of  magnitude  8". 7  or  fainter. 
The  avera<:o  magnitude  of  all  the  stars  of  the  second  class 
may  therefore  be  taken  as  8". 8.  to  s*".;*,  or  roughly  9".0. 

If  now  we  designate  by  ^1  and  />  respectively  the  right- 
ascension  and  declination  of  the  apex  of  solar  motion,  and 
by  .V  the  secular  parallactic  effect  for  the  sun's  motion  for 
stars  at  the  average  distunoe  of  ninth-magnitude  stars,  and 
upon  the  great  circle  90"  from  the  apex  of  solar  motion,  we 
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shall  have  for  the  apparent  average  parallactic  effect  upon 
ninth-magnitude  stars  situated  upon  tlie  equator  (;/  denoting 
the  R.A.,  and //.' the  Decl.  coordinate  of  that  effect),  the  fol- 
lowing exi)ressions  : 

fi  =  J/co8Z>sin(« — A)  ;  — //'  =  Ms'inJJ. 
The  average  declination  of  tiie  stars  in  the  Albany  zone  is 
+  3°,  and  they  may  therefore  be  considered  without  material 
wt.  ., 

From  LAi.Asni; :  1  J/ cosZ*  (sin(« — A) 

From  Hksski.  ;  2 

From  SciiJELi.Kiui' :      0 

Adopted  means  :  Jf  cos  D 

Tlie  value  of  -1  is  given  directly,  and  m:iy  be  taken  as 
264°  for  the  weighted  mean  of  Lai.ande  and  Bessel.  The  re- 
sult for  JI  sin  />,  for  Bessel,  depends  upon  3436  comparisons 
(Table  IH),  and  that  for  Lalaxde  upon  1687.  Considering 
also  the  greater  weight  of  Bessel's  declinations,  the  second 
of  the  above  values  of  J/sin  D  is  entitled  to  the  weight  2 
as  against  1  for  that  from  Lalande  :  while,  owing  to  the 
short  interval  and  small  number  of  stars  upon  which  the  value 
for  SCHJELLEUUP  is  founded,  it  is  neglected,  though  it  might 
have  received  the  weight  0.2,  which  would  have  left  tlie 
adopted  mean  practically  uninrtuenced. 

Solving  now  for  the  values  of  3f  and  D  we  obtain  : 

3/  =  2".42  ;  A  =  264°  ;  Z)  =  -f  54°. 
The  value  of  A,  though  from  observation  extremely  uncer- 
tain in  the  present  instance,  happens  to  be  very  near  the 
average  of  modern  determinations,  but  the  value  of  D  is  de- 
cidedly greater  than  that  resulting  from  the  general  average 
of  modern  research.*     Since  the  value  of  M  is  found  from 


error,  as  if  situated  upon  the  equator ;  and  for  convenieuce 
this  assumption  will  be  adopted. 

The  average  interval  of  observation  between  the  posi- 
tions of  Lai.axije's  zones  and  the  Albany  catalogue  is  about 
84  years  ;  that  for  Bkssel's  zones,  a!)out  58  j'cars  ;  and  for 
Scii.iEi.LEiai",  18  years.  Therefore  we  have  for  the  values 
of  /(  and  ,".' : 


=   +1.41   sin(«— 279) 
=   +1.45  sin(«— 256) 


3/sinZ)  —  +2.14 
=  +1.86 
=  +1.89 


For  Jc„ 
Observed 


BlSCUUF 


Lalande's  zones  +0.080  sin(«— 279)  +0.090  sin(rt— 285. 
Bessel's  zones  +0.056  sin(«— 256)  +0.062  sin((4— 285. 
Schjellerup  _  _  _  _ 

The  agreement  of  the  observed  and  computed  values  is, 
perhaps,  quite  as  good  as  could  have  been  expected,  but  is 
manifestly  much  better  for  Bischof's  numbers  than  for 
Steuve's.  This  may  be  due  to  the  fact  that  the  average 
magnitude  of  the  stars  employed  by  Strcve  is  very  much 
greater  than  that  of  the  stars  upon  which  Bischof's  investi- 
gation is  founded,  as  well  as  to  the  more  important  fact  that 
the  proper  motions  used  by  the  latter  are  on  the  average 
more  than  twice  as  great  as  those  employed  by  Struve.     A 


=  +1.43  3/siuZ>  =   +1.95 

stars  whose  i)roper  motions  are  so  small  as  to  escape  certain 
detection  with  the  available  material,  it  is  so  far  as  that 
argument  goes  too  small.  L.  Struve  finds  {<j  =)  M^  4". 36 
for  the  average  sixth-magnitude  star,  which  becomes  by  an 
extension  of  the  table  on  page  7  of  his  memoir  (which  gives 
p  =  3.33  for  magnitude  9.0)  i".45  for  a  ninth-magnitude 
star.  DuNKiN  obtained  5". 22  for  sixth-magnitude  stars,  and 
consequently  1".74  for  stars  of  the  ninth  magnitude.  But  if 
L.  Strove  had  reduced  the  two  catalogues  which  form  the 
basis  of  his  work  to  the  present  system  of  the  American  Eph- 
emeris  the  value  of  his  "f/"  {^f)  would  have  been  materi- 
ally greater,  as  would  also  his  value  of  D. 

If  now  we  reverse  the  process  and  compare  the  observed 
values  of  Jcj  and  Jc'„.  in  Table  VIII,  with  L.  Struve's  com- 
piled values  (A  =  266°  7 ;  D  =  +31°. 0),  and  with  Bis- 
chof's determination  {A  =  280°. 7:  D  =  +48.^5) ,  and 
adopt  for  3/ the  value  2''. 42  as  here  found,  we  shall  have  : 


7)      +0.117  sin(«— 266.7) 
7)      +(1.080  siu(«— 266.7) 


part  of  the  above  discrepancies  may  also  easily  be  due  to  error 
in  the  fundamental  system,  but  I  regard  it  as  quite  improbable 
that  the  systematic  error  in  S  can  alter  so  much  as  1".0  per  cen- 
tury, or,  in  fact,  much  more  than  half  that  quantity.  In  fact, 
both  JCo  and  Jc'o  are  necessarily  subject  to  comparatively 
large  probable  errors  ;  since  one  terra  of  the  comparison  de- 
pends on  only  212  observations  in  R.A.  and  219  in  Decl.  for 
Lalande,  153  in  K.A.  and  152  in  Decl.  for  Bessel,  and  only  34 


Jc'o 

Observed 

Bi^iCuoK    L.  Struve 

—  1.81 

—1.53 

—1.05 

—1.08 

—1.05 

—0.72 

—0.34 

—0.33 

—0.22 

*  lu  recent  years  we  have  had  the  investigation  of  Dr.  Johauu 
BiscHOF,  who  obtained  from  4S0  proper-motions,  mostly  gi'eater 
than  0".2  auuually,  aud  cliiefly  of  telescopic  stars,  the  results, 
-4  ^  285°.",  D  =  +  4S°.5;  and,  by  another  method  of  discussion, 
A  =  290°.8,  Z>  ==  +  43-.5.  Dr.  Ludwig  Strc\t:  has  recently  ob- 
tained from  a  discussion  of  2509  stars  observed  by  Bradley 
(AuwERs)  aud  compared  with  the  new  Pulkowa  catalogue, 
A  =  273=  21';  Z>  =  +  27-"  19'.  He  also  finds  for  the  general  mean 
of  modern  determinations,  excluding  those  by  W.  Herschel,  Gauss 
and  AiKv:  A  =  2GC°.7;  Z)  =  +  ?1°.0.     Since  L.  Struve's  deter- 


mination includes  nearly  all  the  material  used  by  his  predecessors, 
aud  Bischof's  discussion  nearly  all  available  material  not  used  by 
L.  Struve,  it  seems  probable  that  a  more  accurate  mean  result 
might  have  been  derived  by  taking  the  simple  meau  between  these 
two  determinations.  Furthermore,  L.  Struve's  result  depends 
upon  the  new  reduction  of  Bradley,  aud  Bischof's  upon  Bessel's 
reduction, —  though,  since  the  latter  employed  chiefly  stars  of  com- 
paratively large  proper-motion,  his  result  would  be  less  iuflueuced 
by  the  systematic  errors  of  catalogues.  The  meau  between  these 
two  results  is  :  ..4  =  27S=.3,  D  =  +37°. 9. 
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in  R.A.  and  32  in  Decl.  for  Schjellekup  ;  and  the  other  is 
very  markedly  influenced  by  the  constant  errors  of  the  zones. 
The  results  can,  therefore,  be  regarded  to  be  quite  as  satis- 
factory as  could  have  been  expected,  and  on  the  whole  ap- 
pear to  warrant  the  following  conclusions  : 

1°.  It  does  not  appear  probable  from  this  discussion  that 
any  important  correction  to  Struve's  coeflieients  of  preces- 
sion is  required.* 

2°.  The  effect  of  secular  parallactic  motion  is  well  marked 
among  stars  of  the  ninth-magnitude  ;  and  in  cases  where  it 
is  desired  to  reduce  from  one  epoch  to  another  tiie  position 
of  a  ninth-magnitude  star,  for  whicii  exist  no  adequate  means 
of  determining  the  proper-motion,  it  appears  advisable  to 
allow  2". 4  for  this  motion,  which  for  stars  situated  only  a 
few  degrees  from  the  equator  may  be  taken  as  : 

+  0M07  siu(«+267°)  for  R.A.,  and  — 1".81  for  Decl,t 

*  It  might  be  inferred  that  m  and  n  each  require  a  correction  of 
of  about  — 0".005. 

tThis  is  based  on  L.  Struve's  mean  value  of  A,  Bisciiok's  vahie  of 
D,  and  upon  the  adoption  of  2". 4  as  tlie  constant  of  parallactic  mo- 


these  quantities  to  be  multiplied  by  jir,(T' — T)  when  it  is 
desired  to  reduce  a  position  from  the  epoch  T  to  V. 

3°.  Systematic  corrections  for  -f-3°  of  decliuatiou,  com- 
puted from  comparison  of  catalogues  with  the  system  of  the 
American  Ephemeris  (1881  and  later  volumes),  are  reason- 
ably consistent  with  tiie  emploj'ment  of  Struve's  precessions, 
combined  with  the  results  of  modern  research  as  to  the  co- 
ordinates of  solar  motion. 

■1°.  A  detailed  study  of  the  zone-observations  of  Lalasde 
and  Bessei.  points  to  tiie  conclusion  that  the  value  of  the 
positions  can  be  very  greatly  increased,  especially  for  the 
purijoses  of  general  discussion,  whenever  it  becomes  possible 
to  construct  standard  star-positions  for  the  respective  epochs 
in  sufficient  number  to  permit  of  a  satisfactory  examination 
of  the  systematic  peculiarities  of  each  separate  zone  as  re- 
duced by  Von  Asten's  and  Luther's  tables. 

tion  for  a  ninth-magnitude  star,  though  the  latter  relates  to  a  star 
one  or  two-tenths  of  a  magnitude  brighter.  These  constants  are 
chosen  simply  because  they  give  a  fairly  good  representation  of 
observation. 


OBSERVATIOJiTS  OF  FATE'S   COMET, 

By    E.    E.    BARNAKD,    Astuoxomer    of    the    Lick    Observatory. 


The  following  observations  of  Faye's  comet  have  been 
made  with  the  filar-micrometer  of  the  12-incli  equatorial.  It 
was  very  difficult  to  observe,  and  has  required  tiie  utmost 
care  and  patience  throughout. 

The  comet  was  easily  found  the  same  night  that  the  de- 
spatch announcing  its  discovery  at  Nice  was  received,  and  I 
think  it  could  have  been  observed  here  probably  from  one  to 
two  months  earlier  had  its  place  been  known. 

Absence  on  our  eclipse  expedition  prevented  observations 
during  most  of  December  and  January,  and  work  on  the 
pliotographic  results  of  that  expedition  has  delayed  the  prep- 
aration of  the  observations  for  printing  tuitil  now. 

Several  attempts  to  refind  the  comet  after  the  Fcliruary 
moon  proved  futile,  as  no  ephemeris  was  at  hand,  and  later, 
when  an  ephemeris  was  received,  our  bad  weather  Jiad  set  in 
and  it  was  not  again  seen. 

When  first  looked  for,  on  February  1,  tiie  comet  could  not 
be  found  at  11'',  but  upon  very  close  examination  a  9"  star — 
used  later  for  comparison —  was  seen  to  be  apparently  neb- 
ulous, a  faint  glow  almost  symmetrically  surrounding  it.  At 
11''  15'"  54%  Mt.  Hamilton  M.T.,  by  careful  examination,  the 
center  of  this  nebulosity  was  estimated  as  certainly  not  over 
2"  following  the  star,  which  will  give  the  comet's  place  with 
accuracy.  Returning  to  this  place  later  at  night  the  comet 
was  seen  to  have  left  the  star,  and  was  some  little  distance 
n.p.,  where  it  was  observed  with  the  micrometer. 

In  the  observation  of  August  10,  the  comet  was  carefully 
watched  until  it  and  the  comparison-star  were  exactly  on  the 

Mt.  Il<t Milton,  1889  MayZ\. 


same  parallel,  as  bisected  by  the  wire,  this  was  then  cor- 
rected for  motion  to  the  epoch  of  J«. 

The  smallness  of  the  comet  has  been  quite  striking.  It 
was  at  no  time  over  30"  in  diameter  —  a  little  brighter  in  the 
middle,  its  light  being  more  like  one  of  the  small  indefinite 
faint  nebula,  than  that  of  a  comet.  It  was  brightest  and 
easiest  to  observe  about  the  first  part  of  December. 

The  comparison-star  of  February  4  was  inadvertently  com- 
pared with  the  star  DM.  -|-2''1734,  instead  of  W.B.  VII  983, 
as  was  at  first  supposed. 

In  ^I.^lV.  2859,  in  the  Nice  observations,  the  seconds  of 
right-ascension  for  August  14  should  be  59.  instead  of  49. 
as  will  be  seen  by  applying  the  Jn  to  the  star's  place. 

The  value  of  a  revolution  of  the  micrometer-screw  adopted 
and  used  in  the  observations  is  14". 057  ±  0".004.  The  ob- 
served Jrt  have  been  recorded  by  ■•  eye  and  ear." 

In  our  micrometer  there  are  but  two  spider  threads,  and  in 
observing,  a  set  of  -'if  was  made,  and  the  micrometer  re- 
volved 90°,  and  a  set  of  Jil  taken  over  the  two  wires,  the 
micrometer  revolved  back  and  another  set  of  JS  made. 
With  care,  the  mean  of  the  times  for  the  two  set«  of  JiS  al- 
most always  agreed  with  the  mean  of  the  times  for  Ju  to  one 
minute.  These  were  then  corrected  by  the  known  motion  to 
the  same  epoch. 

The  observations  have  been  corrected  for  differential  re- 
fraction. In  the  list  of  comparison-stars,  the  columns  headed 
J(«  and  J(^.  give  the  comparisons,  comparison-star —  the  star 
with  which  it  was  compared. 


so 
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FILAR-MICROMETEU    OH.SEHVA'l  K  ).NS    ()E    EAYE'.S    COMET, 

MADE    WITH   TUK    12-I.NCU   KQUATOUIAI.   Ul     Till;   I.ICK   OUSEHA'ATOKY, 

By  E.  E.  BARNARD. 
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'  The  observation  of  the  Uth  of  Auaust  made  with  a  ring-micrometer. 


Mean  Places  for  1888.0 

of  Com.}) 

arison- Stars. 
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Memi  Places  for  IS 89.0 

of  Comparison- Stars. 
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The  tied,  of  Weisse's  Bessel  VII,  1633,  requires  a  correction  of  — 10" 


FILAR-MICROMETER   OBSERVATIOXS   OF   COMET  e  1888, 


M-U)i:   AT   TIIK   HAVEnFOKD   COLLEGE   OBSEKVATORY. 


1888-9  Haverforil  M.T. 

* 

No. 

^- 

-* 

#'s 

apparent 

logpA 

Obs. 

Corap. 

Ja 

jS 

a 

8 

for  a      1      for  i 

Dec.     6     8  11  26 

1 

15  ,  5 

—  2™50.'l8 

—4     6.6 

h       III       8 

O             ,               If 

1 

B 

9     5  15 

1 

12  ,  4 

—  3     1.76 

—4  22.4 

Lw 

13     8  27  25 

2 

9  ,  2 

—  5  56.82 

—5  26.2 

1   12  48.31 

—7  35  14.4 

H8.910  1  0.812 

B 

14     8     6     9 

2 

6  ,  - 

—  9  59.12 

1     8  46.01 

H8.803  1 

L 

8     6     9 

3 

6  ,  2 

—10  26.90 

—3  23.5 

1     8  46.23 

—7  37   19.7 

H8.803     0.813 

L 

Jan.     2     8  39  23 

4 

-  ,  4 

—9  28.8 

—7   14  21.3 

1    9.521     0.876 

T 

3     8  27  27 

4 

15  ,  5 

—  3  30.63 

—5     3.6 

0  13  48.88 

—7     9  56.1 

9.521     0.876 

B 

Mean  Places  for 

1888.0  and  1889.0  of  Comparison- Stars. 

* 

Red.  to 
<*                app.  place 

8 

Red.  to 
app.  place. 

-•iutliority 

2 

3 
4 

1    18  42.67 
1    19   10.67 
0  17  20.64 

+  2.46     1     —7  29  57.3     |     +9.1          Gould  Gen.  Catal.  1330 
+  2.46     1      —7  34     5.1           +8.9          Weisse's  Bessel  I.  283 
—1.13           —7     4  41.9          —10.6          Schielleiup  122 

Ohsermrs.  —  R.  C.  Banes,  D.  C.  Lewis,  F.  P.  Leavexwokth,  L.  W.  TomiusTEi!. 


ON   AN   ERliOR   IN   THE   COMPUTATION   OF   THE   SOLAR    PA li ALLAN, 

By  WILLIA.M  H.VRKXESS. 


Prof.  Newcomh  lias  kindly  caliotl  my  attention  to  an  error 
in  the  computation  of  the  solar  parallax,  wliich  arises  from 
inadvertently  confusing  tlie  mass  of  the  earth  with  the  eom- 
hined  mass  of  tiio  eartli  and  moon,  and  wiiicli  exists  not 
only  in  my  paper,  published  in  the  last  number  of  this  Jour- 
nal, but  also  in  tiie  writings  of  LkVkkkiek  {Comples  Remhis, 
T.  LXXV,  p.  165),  and  others.  In  computing  the  pertiu'- 
bations  of  the  planets  tiie  action  of  the  moon  is  always  uTerged 
in  that  of  the  earth,  and  therefore  the  (piantity  usually  called 
the  mass  of  the  earth  is  in  reality  the  combined  mass  of  the 
earth  and  moon  ;  but  in  the  equation 

Washimjton,  D.C.,  1889  June  4. 


.Solar  parallax  =  [2.784  934]  </  (mass  of  Earth)  {A) 
the  moon  has  no  part,  and  the  mass  entering  it  is  that  of  the 
earth  alone.  As  the  so-called  mass  of  the  earth  given  in  my 
article  was  obtained  from  (lerturbations  of  the  planets,  it  is 
really  the  sum  of  the  masses  of  the  earth  and  luoou.  If  we 
assume  the  mass  of  the  moon  to  be  gj^;  of  that  of  the 
earth,  the  mass  of  the  earth  alone  will  be 
80.5 


0.000  003  005  097  X 


81.5 


0.000  002  968  225 


with  which"  equation  {A)  gives  for  tlic  solar  parallax  8". 759, 
instead  of  8". 795  as  erroneously  stated  on  page  I.''. 
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THE   POSITIOiS^  OF   THE   AVASHIXGTON  26-IXCH  REFRACTOR,   1870-1880, 

By  Pitor.  A.  H.VLL. 
TliL'  hiiilding  of  large  telescopes  has  become  so  comniou 
liiat  it  may  be  interesting  to  see  liow  the  26-incli  refractor  of 
this  Observatory  remains  in  [lositiou.  This  instrument  was 
partially  disniouuted  in  1874,  on  account  of  some  trouble 
with  the  clcclination-axis ;  and  since  its  remounting  no 
chaugo  or  adjustment  in  the  position  of  the  instrument  has 
been  made.  The  circles  were  not  provided  with  means  of 
accurate  and  safe  reading  until  1876.  These  circles  are 
read  to  0'.2  in  declination,  and  to  a  second  of  time  in  right- 
ascension,  and  by  estimation  to  a  tenth  of  a  second.  A  de- 
termination of  the  position  of  the  instrument  consists  in  the 
observation  of  two  equatorial  stars  and  of  one  polar  star ; 
each  star  being  observed  in  both  positions  of  the  instrument. 
Such  an  observation  gives,  of  course,  three  values  of  J,  the 
rectangular  coordinate  of  the  pole  of  the  instrument  with 
respect  to  the  pole  of  the  heavens,  and  measured  ou  the 
meridian  ;  and  two  determinations  of  >;,  the  coordinate  per- 
pendicular to  the  meridian.  The  values  of  |  would  be 
affected  by  the  flexure,  but  I  have  found  the  flexure  to  be  in- 
sensible. The  following  table  gives  the  mean  values  of  these 
coordinates.  For  some  time  past  1  have  made  only  partial 
observations  for  position,  sufficient  to  show  that  no  essential 
displacement  had  taken  jjlace,  but  recently  a  complete  de- 
terminatioD  was  made. 


Year. 

Day 

1 

"/ 

1676 

Dec.  13 

—1.60 

-fO.28 

1877 

Jan.  9 

—1.61 

-1-0.27 

1878 

Jan.  3 

—1.34 

-f-0.47 

1879 

May  22 

—1.40 

-1-0.90 

1880 

Jau.  29 

—1.26 

+  1  06 

1880 

Jan.  31 

—1.31 

-1-1.03 

1881 

May  10 

—1.61 

-1-0.23 

1882 

June  1 

—1.54 

—1.03 

1882 

Aug.  30 

—1.56 

-f-0.95 

1883 

May  18 

—1.95 

-1-0.17 

1883 

Dec.  29 

—1.32 

—0.62 

1884 

Dec.  3 

—1.55 

—0.01 

1885 

Aug.  26 

—1.65 

-fO.89 

1886 

Dec.  10 

—1.52 

+0.74 

1889 

May  15 

—1.83 

-1-0.18 

Naml  Observaton/,  1889  May  21. 


An  error  was  suspected  in  the  determination  of  June  1, 
1882,  but  none  could  be  found,  and  the  resulting  value  of 
rj  has  been  retained.  This  coordinate  shows  some  variations, 
which  probably  come  from  the  lightness  of  the  mounting  in 
the  direction  perpendicular  to  the  meridian.  The  other  co- 
ordinate, 5,  has  been,  I  think,  remarkably  steady;  and  this 
constancy  testifies  to  the  goodness  of  the  stone  and  brick 
pier,  and  to  the  stiffness  of  the  mounting  iu  this  direction. 
A  description  of  the  pier  and  mounting,  by  Prof.  Holden, 
will  be  found  iu  our  volume  for  1874. 


ANOMALOUS    TAIL    OF     COMET  1889  T, 

By  E.  E.  B.\RNARD,  Astroxomeu  of  thk  Lick  Observatory. 


Ou  June  3,  at  3  a.m.,  wliile  examining  this  comet  with  the 
61  and  12-iuch  refractors,  I  was  struck  with  a  peculiar  feat- 
ure to  which  I  wish  to  call  attention.  There  was  no  trace 
of  a  tail  preceding  the  comet.  Directly  following,  however, 
was  a  distinct  tail  one  degree  iu  length,  and  some  2'  or  3' 
broad.  This  was  quite  noticeable  in  both  instruments.  By 
moving  the  telescope,  it  was  found  that  this  tail  was  per- 

Mt.  Hamilton,  1889  June  3. 


fectly  ou  a  parallel  of  declination,  the  position-angle  beiug 
90°,  and  therefore  pointing  nearly  towards  the  sun.  The 
head  was  roundish,  with  an  almost  stellar  nucleus  of  the 
12th  magnitude  in  an  extended  condensation  :  this  latter 
having  a  position-angle  of  about  135°.  The  tail  is  best  seen 
with  a  low  power. 


K^OTICE. 

Mr.  W.  W.  Cami'Iiki.i.  of  tlic  Detroit  Observatory,  Auu  .-Vrbor,  Mich.,  desires  to  give  notice  that  he  purposes  computiug  a 
rteUuitive  orbit  of  conu't  \»SS  I  {t<(nrcrtkal),  and  asks  that  any  yet  unpublished  observations  of  tliis  comet  be  made  public  as  soon 
as  possible. 

CORRIGENDUM. 

No.  192.  p.  191,  col.  2.     In  the  expression  for  rectangular  coordinates  in  Mr.  Schaeberle's  letter,  sulistitute  u  fort. 
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COMPAEISOX   OF  DR.  GOULD'S   REDUCTIONS  OF  MR.  RUTIIERFL-RDS  PLEI- 
ADES PHOTOGRAPHS   WITH   THE   HELIOMETER-RESULTS, 


I  have  been  very  much  interested  in  the  appearance  of 
Dr.  Gould's  reductions  of  Mr.  Rcthekfuru's  photograplis 
of  stellar  groups  made  over  20  years  ago,  but  just  pub- 
lished iu  Vol.  IV,  Memoirs  of  the  National  Academy.  Pho- 
tography has  so  cojne  to  the  front  lately  as  a  means  of 
research,  and  its  powers  placed  so  high,  without,  however, 
any  very  conclusive  test  of  the  accuracy  attainable  having 
been  applied,  or,  at  least,  fully  published,  that  the  detailed 
publication  of  a  rigid  reduction  of  some  plates  seems  to  me 
especially  opportune  and  valuable.  It  is  true,  we  have  had 
in  the  results  given  by  Prof.  Thiele  on  some  Praesepe  pho- 
tograplis of  the  Messrs.  Henky,  and  in  the  stellar  parallax 
work  of  Prof.  Pritchard  at  Oxford,  evidence  of  the  close 
agreement  inter  se  of  plates  taken  with  the  same  instrument 
on  one  object,  but,  as  far  as  I  am  aware,  no  comparison 
with  the  results  of  other  methods  of  measurement  of  high 
accuracy,  or  attempt  at  detection  of  possilile  systematic 
error  has  been  made.  The  comparison  which  Dr.  Gould 
gives  at  the  close  of  the  paper  on  the  Pleiades  with  Bes-sel's 
Konigsberg  Ilelioraeter  measures  of  the  group  does  not  quite 
afford  the  desired  test,  as  at  the  time  he  wrote  the  relative 
motions  in  the  cluster  were  not  suHiciontly  well  known  to 
admit  of  their  being  taken  into  account ;  and  furthermore, 
Bessel's  places  as  given  by  him  are  suscei)tible  of  consider- 


able improvement  by  the  use  of  a  more  correct  value  for  the 
temperature  coefficient  of  the  Konigsberg  Heliometer.  At 
present  I  tliink  we  are  able  to  assign,  for  epochs  intermedi- 
ate between  those  of  the  Konigsberg  and  Yale  Heliometer 
work  on  the  group,  relative  places  of  considerable  accuracy 
to  the  Pleiades  stars ;  and  it  has  been  to  me  of  great  inter- 
est to  compare  the  photographic  positions  with  those  de- 
duced with  the  Heliometer. 

Dr.  Gould  gives  the  relative  distances  and  position-angles 
of  the  several  stars,  40  in  all.  from  Alcyone,  and  I  have 
compared  these  in  the  following  tables  with  values  iuter\>o- 
lated  for  the  epoch  1867.0  from  the  revised  Kimigsberg 
results  for  1840,  and  the  Yale  measures  for  1885.  I  have 
divided  the  stars  into  two  classes,  the  first  comprising  the 
ten  brighter  stars,  and  the  second  the  fainter  ones :  as  for 
these  two  classes,  the  Heliometer  coordinates  are  of  some- 
what ditferent  accuracy,  and  are  not  unlikely  to  be  affected 
with  different  systematic  error,  which  may  possibly  be  the 
case  with  the  photographic  results  also.  For  convenience,  1 
have  referred  the  photographic  position-angles  to  the  equa- 
tor of  188.i.0,  but  I  have  not  included  in  the  comparison  two 
of  Dr.  GouldIs  stars  which  were  not  ol>served  at  Konigs- 
berg, and  the  four  which  were  only  measured  on  one.  two  or 
three  plates,  viz.  :  Nos.  2,  8,  13  and  1.'). 


C\)MrAKl.-iON 


>K  Photographic  and  Heliometer  Coordinates  of  Pleiades  Stars. 
I.     Distanxes  ok  Bkkmitkk  Staus  from  .\i.oyonk. 


Star 

Photographic 
Distance 

Heliometer 
Distance 

Heliometer — 
Photographic 

Screw-vaUie 
Correction 

Residual 

Plejone 

1402.31 

1402.87 

+  0.56 

— (U5» 

+  0.11 

Atlas 

i.!;in.G!t 

1301.26 

-(-0.57 

—0.44 

+  0.13 

■26  s 

h;h.:!,! 

14  ■.•4.94 

-(-0.61 

—0.47 

+  0.14 

Jlerope 

iiof>.;io 

1106.72 

-1-0.36 

—0.35 

+  0.01 

Electra 

2142. ;t6 

214.K4.-. 

-1-0.47 

—0.68 

—0.21 

Celaeno 

2298.00 

2-}9,s.7.') 

-f-0.75 

—0.73 

+  0.02 

ilaja 

!(;.")(;. 45 

16. '16. 90 

-f-0.45 

—0.53 

—0.08 

Taygeta 

227t;.i>5 

2277.44 

-(-0.49 

—0.72 

—0.23 

Asterope 

2070.36 

2071.08 

-(-0.72 

—0.66 

+  0.06 

221 

1923.73 

1924.40 

-(-0.67 

—0.61 

+  0.06 
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II.    Distances  of  Fainter  Staiis  from 

Alcyonk. 

riiotosraphic 

llelionieter 

llelionieter — 

Screw-value 

Star 

Distance 

Distance 

I'liotojjrapliic 

Correction 

An 

.n.  27 

979.62 

979.63 

+  0.01 

—0.39 

—0.38 

2!» 

1201.79 

1202.16 

+  (i.:57 

—0.48 

—0.11 

•       31 

1806.93 

1.S07.72 

-f  11.79 

—0.72 

+  0.07 

'       32 

1832.63 

1833.33 

+  n.7ii 

—0.73 

—0.03 

'       37 

1679.25 

1679.97 

+  0.72 

—0.67 

+  0.05 

'       33 

2199.63 

2200.67 

+  1.04 

—0.88 

+  0.16 

'      38 

2239.99 

2241.01 

+  1.02 

—  0.89 

+  0.13 

'      30 

1616.24 

1616.87 

+  0.(;;! 

—0.64 

—0.01 

'       34 

2323.91 

2324.57 

+  o.(;(; 

—0.92 

—0.26 

'       23 

1535.81 

1536.78 

+  (i.:i7 

—0.61 

+  0.36 

'      22 

688.14 

688.64 

+  0.50 

—0.27 

+  0.23 

'      19 

1091.20 

1091.81 

+  0.61 

—0.43 

+  0.18 

'      17 

13  72. '69 

1373.61 

+  o.:i-_' 

—0.55 

+  0.37 

'         7 

1354.86 

1355.45 

+  (i.5:t 

—0.54 

+  0.05 

1 

1701.50 

1702.19 

+  0.G9 

—0.68 

+  0.01 

9 

1044.70 

1045.20 

+  0..'.o 

—0.42 

+  0.08 

24, 

117.07 

116.81 

— 0.26 

—0.05 

—0.31 

An 

on.    4 

1732.93 

1733.52 

+  0.59 

—0.69 

—0.10 

'       10 

1002.50 

1002.97 

+  0.47 

—0.40 

+  0.07 

'       18 

180.55 

180.35 

—0.20 

—0.07 

—0.27 

'       12 

1547.55 

1548.22 

+  0.67 

—0.62 

+  0.05 

'       20 

1740.48 

1741.26 

+  0.78 

—0.69 

+  0.09 

'      21 

1986.77 

1987.27 

+  0.50 

—0.79 

—0.29 

'       24 

659.46 

659.62 

+  0.16 

—0.26 

—0.10 

III.    Position-Angles  of  Brighter  Stars 

from 

Alcyone. 

Star 

Photographic    Heliometer 

Heliometer — 

Index  Zero 

KesicUial 

Posit.-An<?le 

Posit.-Angle 

Photographic 

Correction 

Plejone 

84  46  42 

84°  45'  1 7" 

—  85 

+  74 

_ 

11  =  0.08 

Atlas 

97     7  30 

97     6  15 

—  75 

— 

1  =0.01 

26  s 

126     1     5 

126     0     3 

—  62 

+ 

12  =  0.09 

Merope 

238  46     2 

238  45  37 

—  25 

+ 

49  =  0.26 

Electra 

270  14  24 

270   12  42 

—102 

— 

28  =  0.29 

Celaeno 

286  13  29 

286  12     4 

—  85 

— 

11  =0.12 

Maja 

304  14     0 

304  12  46 

—  74 

0        0.00 

Tnygeta 

304  21   52 

304  20  17 

—  95 



21  =  0.23 

Asterope 

320  48  34 

320  47  21 

—  73 

+ 

1  =  0.01 

22  Z 

321  42     0 

321  40  59 

—  61 

+ 

13  =  0.12 

IV.      POSITION- 

Angles  of  Fainter  Stars 

FROM  Alcyone. 

Star 

Photographic 

Heliometer 

Heliometer — 

Index  Zero 

Residual 

Poslt.-Angle 

Posit.-Angle 

Photographic 

Correction. 

A 

lon.  27 

37  49   19 

37  49   16 

—     3 

+  51 

+ 

48  =  0.23 

"       29 

43  23  51 

43  23  59 

+     8 

+ 

59  r=  0.34 

"       31 

54     1   23 

54     0  20 

—  63 

— 

12  =  0.11 

"       32 

56  38  20 

56  37     5 

—  75 

— 

24  =  0.21 

"       37 

65  55  38 

65  54  52 

—  46 

+ 

5  =  0.05 

"      33 

71   38  44 

71  37  41 

—  63 

— 

12  =  0.10 

"      38 

113-45  54 

113  44  46 

—  68 

— 

17  =  0.18 

"      30 

118  30  30 

118  29  44 

—  46 

+ 

5  =  0.04 

•'       34 

126  56  58 

126  55  53 

—  65 

— 

14  =  0.16 

"       23 

180  35  13 

180  35     4 

—     9 

+ 

42  =  0.31 

'V      22 

184  44  15 

184  44  29 

+    14 

+ 

65  =  0.22 

"  ,.   19 

185  15-41 

185   15  29 

—  12 

+ 

39  =  0.21; 

"   .•  17 

1 

185  58     2 

185  58     1 

—     1 

+ 

50  =  0,33' 

N"-  ii»; 
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Photographic    Helioraeter 

Helioraeter — 

Index  Zero 

Star 

Posit.-Angle    Posit.-Angle 

Photographic 

Correction 

Anon.    7 

259   18  19 

259  17  31 

—  48"               +5l" 

+     3  =  0.02 

1 

260  56  22 

260  55  28 

—  54       1           "            .  —     3  =  0.03 

"         9 

286  22  42 

286  23  31 

+   49                   "              +100  =  0.51 

24p 

289  28  37 

289  22  54 

—343 

—292  =  0.17 

Anon.    4 

298     1   39 

298     1   10 

—  29 

+   22  =  0.19 

"       10 

301   58  13 

301   57   14 

-  59 

—     8  =  0.04 

"       18- 

312     0  44 

311   58  38 

—126 

—  75  =  0.07 

'^       12 

344   14  53 

344  14  26 

—  27 

+   24  =  0.18 

"       20 

357  10  40 

357     9  42 

—  58 

—     7  =  0.06 

"       21 

358  30  18 

358  29  42 

—  36 

+    15  =  0.14 

"       24 

359  53  52 

359  52  48 

—  64 

—  13  =  0.04 

The  values  in  the  fourth  colimin  of  the  pieceding  tables  \ 
are  the  direct  differences  between  Dr.  Gould's  figures  and  j 
the  Ileliometer  results,  and  on  inspection  it  will  be  seen  that 
they  show  tliroughout  a  considerable  systematic  discrepancy  j 
in  lioth  coordinates  between  the  two  measurements.     This  is  | 
doubtless  due  to  the  difficulty  of  determining  the  reduction 
constants  for  the  photographs,  and  as  Dr.  Gould  himself 
has  surmised,  the  screw-value  needs  a  positive  correction, 
and  the  zero  of  position-angle  a  similar  one.      I   linvc  de- 
termined these  for  the  four  groups,  us  follows  : 
Screw-value  correction  : 

+  0".318  per  1000"  for  liie  brighter  stars. 

+  0  .398-  "       "        ••     "    fainter  stars: 
Position-angle  zero  correction  : 

+  74"  for  tiie  brighter  stars, 

-)-51  ••  ■■  fainter  stars : 
and  in  the  last  cokunu  are  giveu  the  residuals  after  tiiese 
corrections  have  lieeu  applied,  those  for  the  position-angles 
being  also  expressed  as  the  displacements  on  the  great  circle. 
The  highly  satisfactory  character  of  these  values  will  be  at 
once  ai)parent :  of  tlie  68  values  47  are  less  than  0".20,  60 
less  than  0".30,  and  only  one  exceeds  0".38,  being  that  for 
star  9  in  position-angle,  and  amounting  to  barely  lialf  a 
second.  Furthermore,  I  have  not  been  able  to  detect  any 
systematic  character  among  them  such  as  would  depend  on 
the  distance  or  direction  from  the  center  of  the  field,  and  about 
tiie  only  manifestation  of  large  constant  error  is  one  wiiich 
seems  to  affect  the  group  of  fonr  neighboring  stars,  Nos.  23^ 
22,  19  and  17,  and  which  amounts  to  about  a  quarter  of  a 
second  in  both  coordinates.  Treating  all  tiiesc  residuals  as 
casual  errors,  we  find  for  the  proliable  value  of  one  of  them, 
For  the  distances  of  the  brighter  stars  :    ±0",086. 

"    position-angles         "  "         ±0,U1(). 

l''(>i-  the  distances  of  the  fainter  stars  :      ±0  .l.'il , 

■•    position-angles         '•  "         ±0,1.")7. 

To  get  an  estimate  of  the  prol)able  error  of  the  photo- 
graphic determination  we  uuist  subtract  from  tiiese  the  prob- 
able uncertainty  of  the  Ileliometer  measurement.  From  the 
data  on  page  98  of  my  Pleiades  paper  I  find,  neglecting  tiie 
probable  errors  of  the  Heliometer  screw-values,  whieli  do  not 
New  Haven,  May,  1889. 


enter  into  this  deduction,  for  the  probable  error  of  a  Ilelio- 
meter coordinate  for  the  epoch  1867, 

For  the  brighter  stars  :    ±0".056, 
"     "    fainter        '•        ±0  .086, 
and  hence  in  the  mean  for  the  distances  and  position-angles, 
which  do  not  appear  to  be  of  very  unequal  accuracy,  we  de- 
duce the   probable  error  of  a  coordinate   from  the   photo- 
graphic measurement. 

For  the  brighter  stars  :    ±0".079, 
"     "    fainter       •'         ±0  .101. 

When  it  is  remembered  that  these  particular  photographs 
do  not  lay  claim  to  tiie  highest  possible  accuracy  —  Dr. 
Gould  himself  begs  that  it  '•  be  borne  in  mind  that  the  pre- 
sent discussion  is  more  for  the  sake  of  illustrating  the  capa- 
l)ilities  of  tlie  photographic  method,  even  under  many  disad- 
vantages, than  for  a  definite  determination  of  tiie  best  results 
attainable  for  the  Pleiades  "  —  the  smallness  of  these  prob- 
al)le  errors  must  be  convincing  proof  that  in  Photography  we 
have  really  a  means  of  investigation  for  micronietrie  work  at 
least  on  a  par  with  any  existing  methods  as  regards  exacti- 
tude, and  doubtless  far  surpassing  them  in  ease  of  measure- 
ment and  outiuit  of  work. 

I  am  glad  to  be  able  to  add  a  small  confirmation  of  this 
conclusion  from  personal  experience.  During  a  recent  visit 
to  California  I  had  the  great  pleasure  of  enjoying  for  over  a 
month  the  hospitalities  of  the  Lick  Observatory,  and  of  its 
able  director.  Prof.  IU>li>ks,  by  whose  kindness  and  that  of 
Messrs.  Bukniiam  and  Bauxaud.  some  photograplis  of  the 
Pleiades  were  taken  for  nie  witli  the  great  36-inch  telescope. 
Of  these  I  measured  partially  3  plates  with  the  measuring 
engine  of  the  Observatory,  during  my  stay  there,  and  com- 
pared the  results  with  the  Yale  Ileliometer  places.  The 
briglit  stars  were  much  overexposed,  and  gave  a  somewhat 
larger  prol)able  error,  but  the  fainter  stars,  below  seventh 
magnitude,  agreed  with  the  Ileliometer  result*  almost  within 
the  probable  errors  of  these  latter,  the  average  deviation  be- 
ing, if  my  memory  serves  me  rightly,  about  0".  1 1 .  And  tiiese 
[ilates  were  all  taken  within  a  few  minutes,  and  the  day-time 
measureiuents  were  effected  in  a  fraction  of  the  time  it  would 
have  taken  to  make  tlieiii  with  the  Ileliometer. 
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ON 


THE  COMPARISONS  OF  THE  PHOTOGRAPHIC,  Willi    11 1 1:  INS  IRUMENTAL, 
DETERMINATIONS  OF  STAR-PLACES, 


15y  B.  a.  GOULD. 


Tlie  foregoing  foiuiiHiiiiculioii  of  Dr.  Ki.kin  ami  that  of 
Mr.  Chase,  on  p.  167  of  Vol.  VIII,  have  peculiar  interest,  for 
many  reasons;  one  of  wliicli  is  the  full  corroboration  which 
Ihev  aflford  of  the  convictions,  strongly  expressed  by  Mr. 
HiTiiKKKiui)  and  myself,  nearly  a  (|uarter  of  a  century  ago, 
a?,  to  the  caiiabiiities  of  tiie  photogiapliic  method  of  obser- 
vation. 

The  history  of  tiiese  researches  has  been  told''*  on  various 
occasions  ;  and  it  is  scarcely  worth  while  to  repeat  it  at  any 
length,  although  a  few  words  liere  may  not  be  amiss. 

In  1865,  Mr.  Hutherfird  liad  devised  and  constructed 
his  Hi-inch  pliotogra|3hic  object-glass,  and  had  thus  ob- 
tained sharply  defined  impressions  of  various  clusters  of 
stars,  notably  of  the  Pleiades  and  the  Praesepe.  He  had  fur- 
thermore constructed  a  micrometer  for  measuring  the  stellar 
images,  and  with  tliis  had  measured  their  respective  dis- 
tances from  a  central  star,  in  terms  of  the  micrometer-screw, 
and  tlieir  position-angles  from  the  trail  left  by  this  star,  in 
passing  off  the  field. 

The  results  of  these  measurements  he  kindly  placed  in  my 
hands,  and  they  afforded  the  data  for  the  memoirs  first 
printed  during  the  last  year.  The  little  memoir  on  the 
Pleiades  was  presented  to  the  National  Academy  of  Sciences, 
1866  Aug.  11,  and  an  account  of  it  was  sent  to  the  Astroti. 
NachricJUen,  where  it  will  be  found  in  no.  1620  (vol.  LXVIII, 
p.  184).  The  expedition  for  determining  the  transatlantic 
longitude  interrupted  these  researches ;  and  other  circum- 
stances, well  knowu  to  many,  prevented  their  prosecution 
for  some  time,  as  well  as  immediate  publication  of  the 
memoir  :  and  this  has  remained  unaltered,  since  the  date  men- 
tioned, excepting  tluit  the  numerical  results  of  some  ad- 
ditional measurements,  by  Mr.  Rctherfurd,  were  iucorpo- 
r;ited  in  tlie  tables.  After  this  slight  modification  it  was 
handed  in  again  for  printing,  at  the  same  time  with  the  pre- 
sentation of  the  paper  on  the  Praesepe,  1870  April  11. 
^Viien  I  left  home  for  South  America  in  May  1870,  it  was 
under  the  impression  that  the  two  memoirs  would  be  prompt- 
ly published,  togethei-. 

Returning  home,  fifteen  years  later,  I  found  the  manu- 
scripts exactly  as  I  had  left  them  ;  but  in  the  mean  time  the 
photographic  method  had  at  last  come  into  favor  with  as- 
tronomers, especially  since  the  introduction  of  the  gelatine- 
process,  which  since  1878  has  permitted  a  vast  increase  in 
the  sensitiveness  of  the  plates.  ^  Under  the  changed  eireum- 

'  See  American  Journal  of  Science,  since  1864. 

"Address  on  receiving  Premiums  awarded   at  the  Centennial 

Exhibition  in  Philadelphia,"  Cordolja,  1877. 
"Oh  Photographic  Determinations  oj  Stellar  Positions,"  Froc. 
Amer.  Assoc.  Adv.  Science,  XXXV,  74. 
etc..  etc. 


stances  1  was  at  first  reluctant  to  jjuiilisli  the  investigations 
of  twenty  years  previous,  without  additions  and  emendations  ; 
yet  it  subsequently  appeared  liest  to  print  these  early  results 
in  their  original  form,  without  the  sligiitest  change.  AltJK^ugh 
quite  inadequate  to  the  just  demands  of  the  present  day, 
their  shortcomings  in  many  respects  may  be  offset  by  their 
historical  character. 

These  measurements  and  reductions  offer,  I  believe,  the 
first  example  of  the  application  of  the  photographic  method 
to  exact  numerical  determinations  in  astronomy.  Uncpies- 
tiouably  they  are  affected  by  many  sources  of  error,  incident 
to  the  first  employment  of  a  new  method.  Indeed,  the  fact 
was  early  recognized  by  Mr.  Rltherfcrd,  that  notwith- 
standing his  care  (at  first  supposed  to  have  been  successful) 
the  micrometer-screw  had  very  soon  become  worn,  under  the 
manipulation  of  inexperienced  assistants,  and  that  small 
changes  in  the  index-ei-rors  had  occurred  between  the  suc- 
cessive and  rea.souably  frequent  determination  of  these. 

The  evident  distrust  of  the  method  by  astronomers  gener- 
ally, especially  by  European  ones,  led  to  renewed  endeavors 
to  demonstrate  its  value  at  the  Argentine  Observatory  in 
Cordoba ;  but  the  history  of  those  efforts,  and  of  the  final 
attainment  of  photographs  of  all  important  southern  clusters, 
need  not  be  repeated  here. 

The  chief  technical  difficulties  were  found  in  maintaining 
absolute  uniformity  in  the  motion  of  the  telescope  during  the 
long  exposures  required  by  the  old  process  (iuasmuch  as 
any  elongation  of  the  star-images  seriously  impairs  the  pre- 
cision of  the  measurements),  and  in  preventing  the  plates 
from  drying  before  a  sufficiently  long  exposure  had  been 
secured  The  new  dry-plate  processes  escape  both  these 
difficulties  ;  but  it  remains  to  be  seen  to  what  extent  the 
gelatine-film  is  exempt  from  the  danger  of  subsequent  dis- 
tortion, from  which  the  albuminized  collodion  is  known  to  be 
free,  so  long  as  it  adheres  fully  to  the  glass  plate. 

A  very  large  number  of  stellar  photographs  w-ere  taken  at 
Cordoba  in  the  years  from  1872  to  1883  ;  and  the  measure- 
ment of  these  has  been  slowly  progressing  since  my  return, 
by  the  aid  of  a  small  appropriation  assigned  for  the  purpose 
by  the  Argentine  Government.  JIany  of  the  plates  have 
already  been  fully  measured  :  and  among  them  are  some  of 
the  Pleiades  and  of  the  Praesepe.  The  computation  of  these 
is  well  advanced,  although  not  yet  completed  ;  and  it  is  my 
hope  to  finish  this  part  of  the  undertaking  before  long.  A 
comparison  of  the  results  will  then  afford  a  better  test  of  the 
method  than  does  that  of  the  earlier  ones,  recorded  in  the 
memoirs  lately  published. 

The  atmosphere  of  Cordoba  permitted  impressions  of  stars 
considerably  fainter  than  those  photographed  in  New  York. 
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And  after  a  visit  to  the  North,  in  1880,  had  enabled  me  to 
obtain  a  supply  of  the  newly  introduced  dry  plates,  stars 
were  habitually  photographed  at  Cordoba  which  I  believe  to 
be  as  faint  as  12",  or  even  fainter;  these  being,  of  course, 
very  white  ones.  A  difference  in  color,  so  slight  as  to  be 
practically  inappreciable  by  the  eye,  is  often  sufficient  to 
cause  a  difference  in  the  photographic  images,  corresponding 
to  several  units  of  magnitude.  Tills,  while  it  renders  the 
photographs  practically  useless  for  photometry,  may  yet  here- 
after, by  a  judicious  employment  of  different  chemicals  in 
preparing  the  plates,  be  made  a  means  of  delicate  discrimi- 
nation for  the  character  of  the  light  of  faint  stars  wlii<-li  have 
not  been  examined  with  the  spectroscope. 


So  much  it  may  be  well  to  say  by  way  of  comment  upon  the 
results  of  comparison  with  instrumental  determinations,  as 
given  by  Dr.  Elkin  and  Mr.  Chase.  Considering  the  cir- 
cumstances, it  seems  to  me  that  the  photographic  determina- 
tions have  borne  the  test  quite  as  well  as  could  have  reason- 
ably been  expected  in  this  first  essay  of  the  method. 

Through  the  courtesy  of  Dr.  Schuk,  who  has  liad  the 
goodness  to  send  me  some  of  his  own  measures  of  the  Prae- 
sepe,  it  has  been  made  manifest  that  the  discordance  in 
declination  between  no.  12  of  my  list  and  no.  68  of  Prof. 
Hall's  {A.J.  no.  189)  is  due  to  an  erroneous  record  of  the 
photograph-measurement ;  Hall's  value  being  confirmed  by 
ScHuit's. 


ELEME^^TS   AXD   EPHEMERIS   OF   COMET  b  1889. 


Bv  W.  AV.  CAiMPBELL. 


Tlic  faintuess  of  tills  comet  makes  it  desirable  to  have  an 
accurate  epheraeris  for  its  morning  appearance  in  July. 
While  it  was  observed  it  moved  through  an  apparent  arc  of 
less  than  five  degrees,  and  hence  the  piiblisiied  elements  com- 
puted from  three  observations  differ  considerably.  For  these 
reasons  I  have  corrected  my  orbit  (See  Astr.  Jour.  193)  by 
utilizing  all  published  observations,  fifty-seven  in  number. 
The  observations  were  compared  with  an  ephemeris  based 
upon  the  original  orbit ;  the  most  probable  residuals  (Obs.- 
Comp.)  were  computed  for  four  dates  from  equations  of  con- 
dition ;  and  the  corresponding  normal  places  were  formed, 
with  the  results  as  given  below. 


Gr.  M.T. 

re 

h       III       ■ 

Hesii 

iials 

Xi. 
Obs 

Apr.  2..T 

5  19  21.01 

+  16    3     4.2     —0.41 

—0.40 

14 

10.5 

5  14    0.77 

15  46  26.1      +4.59 

+  0.37 

17 

18..5 

5  10  23.93 

15  31     2.7     +1.74 

+  2.60 

14 

26.5 

5    K    8.14 

+  15  16  17.4     +4.51 

—0.80 

12 

vv  =  52.31. 

On  the  supposition  that  the  orbit  is  a  parabola,  the  usual 
equations   of   condition    were    formed,    and    solved    by    the 
method  of  least  s<piares,  with  the  following  results  : 
CoKiii:<  TioN's  TO  THE  Elements. 
JT  =  —0".  000081 
J(o    =  —16". 3 
JSi  =  —  -2  .9 
Ji     =   +    6  .0 
J  log  7   =  +0.000092 

CoituKCTEn  Elements. 
r  =  V.v.  M.T.  1889  June  7''. 654619 
0)  =  234°  55'  38". 1")  ,,  ,.   ,.         ,  y, 

ft  =  310  51  41  .0    :^"''!'t''' 7'' f ,;'"" 

/  =   163     53    25  .2  \  '•'''""'"^  "^•'•'•" 
logf/  =  0.3511.").S 


EqI'ATOHIAL    CoOliUINATES. 

.1-  =  [9.990220]  rsin(<-+  12°55'37".9) 
)/  =  [9.989640]  rsin(i  +  100  12  28  .1) 
■z  =   [9.478627]  rsin('y+ 145    45   45.6) 


)IALS    Fl>K 

N< 

liMAi.  Places 

(Obs.-Comp.) 

J«  ii>s  ,s 

J*' 

April    2.5 

—0.3 

0.0 

10.5 

+  2.5 

0.0 

18.5 

—  1.5 

+  1.5 

26.5 

+  0.1 

2.2 

=  1569      (•  =  +0".l 


Ei'HEMEKis  >x>K  GitEEXwifii  ^Iean  Time. 


ls^;l 

It 

tf 

logr 

\os:  A 

Br. 

July     5.5 

h 

5 

9" 

16 

+  12^^  ll'.8 

0.3587 

0.4948 

0.88 

9.5 

5 

9 

6 

11   53.4 

0.3600 

0.4892 

0.90 

13.5 

5 

8 

46 

11   33.5 

0.3515 

0.4830 

0.92 

17.5 

5 

8 

14 

11    11.9 

0.3631 

0.4  760 

0.94 

21.5 

5 

7 

30 

10  4.S..-) 

0.3648 

0.4  6H2 

0.97 

25.5 

.-, 

6 

31 

10  23.2 

0.3668 

0.45!»8 

1.00 

29.5 

5 

5 

15 

9  55.7 

0.3688 

0.4506 

1 .03 

Aug.    2.5 

5 

;! 

39 

9  25.8 

0.3710 

0.4407 

1.07 

6.5 

5 

1 

41 

8  53.2 

0.3734 

0.4300 

1.11 

Sept.  5.5 

4 

29 

5.1 

+    2  .54.7 

0.3946 

0.3319 

1.59 

Oct.     5.5 

3 

9 

23 

—   7  20.5 

0.4208 

0.2483 

2.07 

Nov.    5.5 

1 

15 

17 

—  15  58.3 

0.4507 

0.2973 

1.44 

[The  brightness  at  the  date  of  discovery  is  taken  as  the 
unit.] 

Ann  Arbor,  1889  Jitne  S. 
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EPIIEMERIS  OF  VARIABLES   OF  THE  ALGOL-TYFE. 


Approxiiiiiite  Grreiiw 
For  remarks  and  coinparison-stars  see  ^'<^l.  \'I1,  p.  1*^7  I'u 
arc  uxlroiiiely  uiieertaiii,  probably  by  several  hours;  see  \'<)1. 
1889  have  failed  to  recover  the  lost   iiiiiiiinuiu   epoeli.  which 
the  star  is  below  the  horizon.     An  urgent  appeal  is  made  to 
lishmciil  may   prove  to  lie  praclicabli-. 


icli  M.T.,  1889. 

II.  Also,  it  should  be  noted  th;il  tlic  limes  for  Y  Cy(/u> 
VIII,  p.  l;K).  Observations  iu  the  liiiled  States  during 
therefore  probably  occurs  during  daylight  iiere,  or  when 
observers  in  Europe,  where  observations  for  its  reestab- 
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F  Cygni 

2o 

18 

{7  Ophiuchi 

1   16 

F Cygni 

11 

6 

Algol 

21    15 

FCvgui 

16    18 

U  Coronae 

26 

15 

F  Cygni 

2     6 

U  Ophiuclii 

11 

17 

1' Cygni 

21    IS 

U  Cephei 

16   21 

f^  Ophiuchi 

26 

19 

C/ Ophiuchi 

2  12 

t/ Ophiuchi 

12 

13 

U  Ophiuchi 

21    19 

t;  Ophiuchi 

17    13 

U  Cephei 

26 

20 

U  Coronae 

2   12 

FCygui 

12 

18 

L'Oi)hiuchi 

22    15 

S  Librae 

17    1.') 

Algol 

26 

20 

F Cygni 

3   18 

f  Ophiuchi 

13 

10 

FCygui 

23     6 

rCv-ni 

18     6 

1'  Cygni 

27 

6 

Algol 

4   10 

F  Cygni 

14 

6 

U  Ophiuchi 

23   11 

C^Ophiuclii 

18   10 

C^  Ophiuchi 

27 

15 

F Cygni 

5     6 

8  Librae 

14 

14 

Algol 

24   12 

6^  Cephei 

19     9 

U  Ophiuchi 

2.S 

11 

C/ Cephei 

5   19 

Y  Cygni 

15 

18 

F  Cygni 

24   18 

U  Corouae 

19   17 

F  Cygni 

28 

18 

U  Ophiuchi 

5  21 

U  Cephei 

15 

19 

C/ Cephei 

25   18 

RrN^G-MICROMETER   OBSERYATIOXS   OF   COMET  c  1888    {brooks.  August  7), 

M.\DE   wrril    THE    12J-IXCH    ElilATOUIAI.   OF   THE   DETROIT   OliSEHVATDUY, 

By  W.  W.  CAMPBELL. 


1888  Greenwich  M.T. 

* 

No. 

#- 

-* 

^'s  apparent 

log 

J'A 

Oomp 

Ja 

i      z/8 

a                        8 

for  a 

for  d 

Aug.  23' 

14  35 

45 

1 

14 

— 0 

17.'96 

'          " 

h 

12 

12 

13' 

0           1             It 

9.753 

_ 

24 

14     6 

4 

2 

14 

+  1 

10.47 

—  2  55.1 

12 

19 

32.19 

;  +41  17  35.3 

9.762 

0.695 

14  47 

36 

2 

12 

+  1 

23.08 

—3  47.6 

12 

19 

44.80 

1  +41   16  42.8 

9.745 

0.757 

25 

13  58 

56 

3 

9 

— 0 

47.13 

+  2  30.7 

12 

26 

51.59 

+  40  46  48.9 

9.761 

0.663 

14  27 

33 

3 

12 

—  0 

38.65 

- 

12 

27 

0.07 

- 

9.756 

_ 

27 

13  54 

53 

4 

7 

+  0 

33.13 

- 

12 

41 

13.36 

- 

9.754 

_ 

14   14 

5 

4 

11 

+  0 

38.84 

—3  23.8 

12 

41 

19.07 

+  39  40  31.4 

9.752 

0.700 

28 

13  58 

39 

5 

8 

+  1 

33.87 

—4  17.3 

12 

48 

17.03 

+  39     5  11.1 

9.750 

0.673 

14  36 

59 

6 

10 

— 1 

5.96 

+  3  47.8 

12 

48 

28.15 

+  39     4     0.1 

9.742 

0.732 

29 

14  20 

53 

7 

9 

+  1 

10.18 

- 

12 

55 

17.27 

- 

9.74  6 

_ 

30 

13  50 

19 

8 

14  ,  7 

+  0 

43.71 

—1  51.2 

13 

1 

54.98 

+  37  49  38.6 

9.743 

0.657 

14  27 

36 

9 

10 

— 1 

24.00 

_ 

13 

2 

5  13 

- 

9.739 

_ 

Sept.   1 

13  39 

11 

10 

12 

+  1 

43.68 

—3  19.8 

13 

15 

0.91 

+  36  29  28.2 

9.733 

0.641 

14   16 

8 

11 

9  ,  8 

■> 

24.15 

—2  31.5 

13 

15 

10.67 

+  36  28  19.1 

9.734 

0.697 

3 

13  39 

36 

12 

10 

+  2 

11.89 

—0     9.3 

13 

27 

35.85 

+  35     4  20.2 

9.724 

0.642 

14   15 

50 

13 

7 

+  2 

55.21 

—3     1.0 

13 

27 

46.53 

+  35     3   16.9 

9.727 

0.697 

4 

13  38 

31 

14 

12  ,  7 

+  1 

7.03 

+  1  41.0 

13 

33 

41.78 

+  34  20  21.5 

9.720 

0.641 

14  23 

11 

13 

8 

+  0 

51.15 

- 

13 

33 

53.01 

- 

9.723 

_ 

5 

13  40 

19 

16 

14  ,  11 

+  0 

53.49 

+  1     2.1 

13 

39 

39.78 

+  33  35  .50.4 

9.716 

0.646 

6 

13  43 

19 

17 

12 

+  0 

28.42 

—4  35.4 

13 

45 

29.15 

+  32  50   18.4 

9.712 

0.653 

8 

13  45 

24 

18 

10 

+0 

40.93 

+  4     5.7 

13 

56 

43.99 

+31   17  55.3 

9.705 

0.661 

14     5 

12 

18 

10  ,  8 

+  0 

45.60 

+  3  20.9 

13 

56 

48.66 

+  31   17  10.5 

9.708 

0.688 

14  27 

36 

18 

.10 

+  0 

50.69 

+  2  37.8 

13 

56 

53.75 

+  31    16  27.4 

9.708 

0.717 

10 

13  35 

34 

1? 

12 

+  2 

5.72 

+3     9.9 

14 

6 

24.62 

+  29  44  28.3 

9.694 

0.656 

13 

-13  36 

24 

20 

12  ,  8 

+  1 

55.64 

—2  35.7 

14 

22 

31.47 

+  27  22  43.3 

9.683 

0.667 

24 

12  59 

43 

21 

6 

+  3 

22.10 

—3  55.5 

15 

9 

31.64 

+  18  58     6.0 

9.632 

0.682 

Oct.     4 

13  40 

44 

22 

5 

+  3 

7.16 

- 

15 

43 

44.97 

- 

9.644 

_ 

8 

13     7 

20 

23 

11 

+  0 

46.98 

+  3  35.9 

15 

55 

38.04 

+   9  45  55.8 

9.626 

0.740 

9 

13     4 

48 

24 

8  ,  6 

+  1 

15.26 

+  1  42.0 

15 

58 

29.89 

+   9   11   26.5 

9.624 

0.742 

N"  197. 
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M 

ean  Places  for 

1888.0 

of  Comp 

%rison- Stars. 

* 

a 

Red.  to 
app.  place 

s' 

Kcd.  to 
app.  place 

Authority 

1 

h       II 

12  12 

31.' 

—0.58 

_ 

'/ 

II 

DM.  +41°2285 

2 

12  18 

22.28 

—0.56 

+  41 

20 

24.8 

+5.6 

Weisse's  Bessel  XII.  346 

3 

12  27 

39.26 

—0.54 

+  40 

44 

12.3 

+  5.9 

10".  comp.  with  W.B.  XII.  676-8 

4 

12  40 

40.72 

—0.49 

+  39 

43 

48.7 

+  6.5 

Bonn  VI,  +;19°2559      [Xach.  2871 

5 

12  46 

43.62 

-0.46 

+  39 

9 

21.8 

+  6.6 

DM.  +39°2572,  Rome  obs..  Astr. 

6 

12  49 

34.57 

—0.46 

+  39 

(I 

5.6 

+  6.7 

10".  conip.  witli  Gr.  9-vr.  1196 

7 

12  54 

7.52 

—0.43 

_ 

- 

WeissL-'s  Bessel  XII.  1046 

8 

13     1 

11.67 

—0.40 

+  37 

51 

22.7 

+  7.1 

••       XIII,  1173 

9 

13     3 

29.53 

—0.40 

- 

- 

11 

10 

1.-!   13 

17.56 

—0.33 

+  36 

32 

40.5 

+  7.5 

220 

11 

i:i   17 

35.15 

—0.33 

+  36 

30 

43.0 

+  7.6 

''       305-6 

12 

13  25 

24.25 

—0.29 

+  35 

4 

21.9 

+  7.6 

"       467-8             1 

13 

13   24 

51.61 

—0.29 

+  35 

6 

10.3 

+  7.6 

456-7              ; 

14 

13  32 

35. 

—0.25 

+  34 

18 

32.6 

+  7.9 

618-9              1 

15 

13  33 

2.11 

—0.25 

- 

- 

"              ■•         "       628-9              ; 

16 

13  38 

46.51 

—0.22 

+  33 

34 

40.3 

+  8.0 

781                  1 

17 

13  45 

0.94 

—0.21 

+  32 

54 

45.6 

+  8.2 

Havvarcl  obs.,  Astr.  .Tour.  VIII.  135 

18 

13  56 

3.22 

—0.16 

+  31 

13 

41.2 

+  8.4 

AVeisse's  Bessel  XIII.  1197 

19 

14     4 

19.03 

—0.13 

+  29 

41 

9.8 

+  8.6 

••       XIV,  37 

20 

14  20 

35.88 

—0.05 

+  27 

25 

10.2 

+  8..S 

Bonn  VI,  +27°2375 

21 

15     6 

9.41 

+  0.13 

+  19 

1 

52.7 

+  8.8 

Weisse's  Bessel  XV,  85             [711 

22 

15  40 

37.56 

+  0.25 

_ 

- 

DM.  12°2894,  comp.  with  W.B.  (1) 

23 

15  54 

50.77 

+  0.29 

+   9 

42 

11.6 

+  8.3 

DM.  9°312y,  comp.  with        "     902 

24 

15  57 

14.33 

+  0.30 

+   9 

9 

36.2 

+  8.3 

Weisse's  Bessel  (1)  XV,  1054 

Star  Differences. 


Stai-s 

No.  Comp. 

J« 

J8 

j(c   3— W.B.  (2)  676-8 
*    6— Gr.  9-vr.  1196 
*22— W.B.(1)711 
*23— W.B.  (1)902 

7 
7 
6 
7 

— o^SO.'lS 
—1   13.04 
+  2     9.99 
+5  45.53 

+  0  43.7 
+  4  42.2 

+  3  28.0 

[October  4,  8,  9,  comet  on  the  limit  of  vision.] 


Ann  Arbor.  1889  .June  12. 


OBSERVED  MAXIMA  AJ^D  MINI^IA   OF   T.MN.VBLE    STARS.   1888-80, 

By  P.VUL  S.  YEXDKl.I,. 
S  Sac/illae.  V 


By  the  ;ipplic;itii>n   of  a  mean   lirjht-cnrvo,   the   following 

iiiiixima,  in  addition  to  those  published  iu  \'ol.  VIII,  page 

IK),  have  been  deduced  from  the  scattered  observations  of 
this  star, 

is.s.s  .June  13.53  188.S  Aug.   \\.C< 

22.  I  Oct.       8.62 

.•;o.l7  1.S.S9  Feb.     2.74 

T  V<ilj,cr,il,i,'. 
A  series  of  lU.S  observations  of  this  star,  extending  from 
.Itnio  1,  1888,  to  June  4,  1889,  yields  the  following  maxima 

to  the  application  of  a  mean  light-cnrvc  : 


ISSS  . I  line 


isss  .Iiiiie  13.56 
1H.06 


1888  June 

26 

.56 

30 

( 

July 

5 

74 

;) 

4 

n 

73 

23.33 

27 

8 

Aug 

9 

18 

14 

<) 

23 

76 

28 

36 

Sept 

111 

n.) 

14 

75 

23 

93 

27 

8 

1 


1888  Oct. 

d 
11.15 

3 

20.58 

2 

24.73 

3 

29.49 

4 

Nov 

2.11 

•i 

6.98 

2 

11.31 

3 

20.61 

3 

30.  T5 

3 

Dec. 

3.05 

3 

1889  Feb 

17.24 
21.68 

0 

25.22 

4 

.Mav 

2i;.19 

1 

2;'.  78 

4 

.him 

3.23 

3 

40 
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T  Monocerolis. 
Sixty-eight  ob.servjUion.s  of  T  Monocerolis,  beginning 
1888  Sept.  28,  and  ending  1889  April  30,  give  seven  maxi- 
ma and  six  minima.  These  have  all  been  deduced  by  the 
usual  method  of  single  light-curves,  with  the  exception  of 
the  maxima  of  Nov.  13  and  March  1  only,  which  were  ob- 
tained by  the  use  of  a  mean  curve,  formed  from  all  the 
observations  of  this  and  the  preceding  year,  numbering  in 
all  112. 


moonlight.  It  descended  April  22.5  to  a  bright  and  not 
very  definitely  indicated  minimum  on  April  22.5,  after  which 
it  was  rising  pretty  rapidly  when  the  last  observation,  April 
28,  was  made. 


Maxima 

J 

IlXlM 

4 

1888  Nov.  13'.8 

3 

lo88  Dec. 

s'.'i 

Dec.  13.0 

4 

30. 

1889  Jan.    11.8 

5 

1889 

Jan. 

26.8 

Feb.     4.7.5 

a 

Feb. 

24.0 

Mar.     1.92 

4 

Mar 

24.4 

30.5 

4 

Apr 

llt.O 

Apr.  28.8 

•1 

/' 

/' 

1888  Dec. 

21.8 

4 

1889  Jan.  16.3 

3 

1889  Jan. 

26.2 

3 

Mar.    3.5 

5 

Mar 

23.3 

4 

A:)r.  22.5 

2 

U  Monocerolis. 

A  good  series  of  observations  of  this  star  was  obtained, 
from  1888  Dec.  6  to  1889  April  28,  which  yielded  three 
maxima  and  as  many  minima.  The  first  maximum,  Dec. 
21.8,  was  a  bright  and  sharply  marked  one,  and  was  fol- 
lowed, 1889  Jan.  16.3,  by  a  bright  minimum.  Between  this 
and  the  following  minimum  the  star  behaved  rather  oddly, 
rising  to  a  pretty  bright  maximum  on  Jan.  26.2,  after  which 
it  dropped  several  steps,  and  then  remained  stationary  from 
Feb.  1  to  Feb.  18,  and  from  this  date  rapidly  declined  to  a 
very  faint  minimum  on  March  3.5,  when  it  was  nearly  equal 
to  the  comparison-star  g.  It  remained  at  this  point  foi' 
about  a  week,  rising  then  steadily  and  pretty  rapidly  until  it 
reached  a  sharply  indicated  maxiunim  on  March  23.3.  After 
this  it  very  nearly  repeated  its  behavior  in  February,  but 
could  not  be  so  closely  watched,  on  account  of  weather  and 

Dorchester,  3Iass.,  1889  June  8. 


I  regret  that  I  have  not  the  means  at  hand  of  estimating 
the  magnitudes  of  the  star  at  the  several  phases;  as  its  be- 
!  havior  during  the  season  has  been  of  an  exceedingly  inter- 
esting character. 

B  Leonis. 
This  star  was  observed  45  times  from  Jan.  23  to  May  19, 
1889.     A  maximum  is  indicated  April   16.     The  star  was 
pretty  bright  at  the  maximum,  being  two  stei)s>18  Leonis, 
or  about  sixth  magnitude. 

iS'  Corona  e. 

Twenty-five  observations  of  S  Coronae,  from  March  23  to 
May  24,  1889,  show  a  maximum  to  have  been  passed  April 
13. 

S  Ser})entis. 

This  star  was  first  looked  for  on  the  morning  of  March  13, 
but  was  not  seen  with  the-4i-iucli  refractor;  it  was  found 
on  the  evening  of  March  28,  when  its  light  was  estimated  to 
equal  that  of  DM.  14°2868,  or  8". 5,  from  which  brightness 
it  increased  steadily  until  May  5,  when  its  light  was  4  steps 
>DM.  14°2866,  equivalent  to  7". 4.  From  this  point  it 
rapidly  declined,  and  when  last  observed,  on  May  18,  was 
4  steps  <  DM.  14°2868.  9.0  magnitude. 

A  projection  of  the  light-curve  shows  a  maxinnmi  to  have 
passed  on  May  4,  1889. 


COMET  c  1889. 

A  faiut  comet  was  discovered  .June  23.  by  Barnard,  in  the  position, 
1889  June  23.9499  G.M.T.       a  =   1"  20'"  53'.4     d  =  +38°  50'  44".     Daily  motion  in  a,  +4'"  24' 


in  S,  34'  northward. 


Prof.  HoLDEN  telegraphs  an  orbit  computed  by  Lelsch- 
NF.R,  from  observations  of  June  23,  24  and  25.  as  follows  : 

T  =z  1889  June  20.15  Greenw.  M.T. 
to  =     59°  21' 
a  =  271       4 

i  —     31     15 

q  =   1.1024 


JIphkmeris  for  Greenwich  Midnight. 


1S89 

a 

8 

Brightness 

June  29 

1   47     4 

+  41  51 

0.92 

Julv     3 

2     5  48 

+  43  40 

7 

2   24  20 

+  45   11 

11 

2  42  36 

+  46  27 

0.76 
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LAPLACE'S   SOLUTION   OF   THE   TIDAL   EQUATIOJs^S, 

By  WILLIAM   FKKKEL. 


Foe  nearly  ten  j'ears  I  have  been  too  mueli  engaged  in 
other  duties  and  lines  of  research  to  give  much  attention  to 
tidal  matters,  or  to  follow  up  closely  tiie  [jrofound  researches 
of  Professor  G.  H.  Dauwin  on  tidal  subjects,  and  have 
not  until  now  examined  his  article  on  tides  contributed  to 
the  Encyclopaedia  Britannica.  Very  recently  Mr.  Basset's 
recent  treatise  on  Hydrodynamics  was  handed  to  me  by  a 
friend,  aud  in  glancing  over  it,  I  came  to  the  part  which 
treats  of  the  tides.  Tliis  purported  to  be  mostly  an  abstract 
from  Professor  Dauwin's  article  in  the  Encyclopaedia  in  which 
the  part  wliich  treats  of  semi-diurnal  tides  is  said  to  be  sub- 
stantially contained  in  a  paper  by  .Sir  W.  Thomson,  in  de- 
fence of  Laplack's  solution  of  the  tidal  equations,  and  in 
opposition  to  Aiky's  solution.  In  both  Dauwin's  article  and 
Mr.  Basset's  book  the  following  statement  with  reference  to 
JvAplace's  process  is  found  :  "This  process  was  followed 
by  Laplace  witiiout  explanation.  It  was  attacked  by  Aiuy 
in  his  Tidex  aud  Wacex  (in  Encyc.  Metro}).),  and  by  Ferrel 
in  his  Tidal  Researches  (U.S.  Coast  Survey,  1873),  but  was 
justified  by  Sir  W.  Thoslson  in  the  Phil.  Mag.,  1875,  p.  230." 

As  this  matter  has  now  passed  into  the  Encyclopaedia,  aud 
into  at  least  one  text-book  iu  connection  with  my  name,  it 
becomes  not  only  proper,  but  even  necessary,  to  take  up  this 
subject  again,  lest  continued  silence  should  be  interpreted  to 
mean  a  confession  of  error,  aud  a  giving  up  of  the  contro- 
versy. In  my  recent  thorough  review  of  the  matter  I  have 
gained  additional  light  on  the  subject:  and  for  this  reason, 
also,  I  am  induced  to  take  up  the  matter  again  iu  order  to 
make  some  points  more  clear  tliau  I  have  heretofore. 

Aiuy's  rejily  to  Sir  AV.  Thomson's  paper,  referred  to 
above,  is  foinid  in  the  same  volume  of  the  Phil.  May.,  aud  a 
reply  by  myself  in  the  next  volume,  |).  282,  1876.  It  is  pro- 
posed here  to  consider  hrst  Sir  W.  Thomson's  justification 
of  Laplace's  solution,  aud  in  all  which  follows  1  will  adopt 
Dauwin's  notation,  and  make  his  article  a  basis,  as  it  is  now 
l>erhaps  more  accessible  to  most  readers  than  any  other  on 
this  suliject. 

With  regard  to  the  general  equations  of  motion,  Dauwin 
(17),  and  the  equation   of   continuity  (18),   aud   the   final 


equation  (24)  deduced  from  them,  and  equation  (33)  de- 
duced from  this  for  the  special  case  of  semi-diurnal  tides, 
all  are  agreed  ;  aud  the  whole  controversy  is  simply  with  re- 
gard to  the  solution  of  this  latter  equation,  and  the  interpre- 
tation of  the  result. 

This  equation  is  satisfied  with  an  expression  of  u  of  the 
form  of  Dauwin  (34).  Substituting  this  and  its  first  and 
second  derivatives  in  (33),  and  equatiug  the  coefficients  of 
like  powers  of  r  to  0,  we  get 

K,  =  E 

h\  =  Iy\  (1) 

K,=  ^K,--^§E 

J^a  —  (fe— A^)  A'4  — T^5p'£ 
and  after  Kf  only  the  relation  given  by  Laplace, 

2/(2/+6)A'„;+^  — 2i-(2/+3)7i';,,+o  +  ^/u,  =  0  (2) 

This  is  substantially  the  same  as  the  more  simple  and 
convenient  form  given  in  Tidal  Hesearches.  The  value 
of  i'  above  may  be  any  integral  number  commencing  with 
unity.  From  this  the  value  of  any  coellicieut  K.,^  may  be  ob- 
tained from  the  two  preceding  ones  after  A',,  where  alone 
this  relation  between  the  coellicients  is  found.  In  this  case, 
as  usual,  the  general  law  is  not  found  at  first,  and  it  is  well 
known  that  in  many  such  cases  the  general  law  is  not  reached 
uutil  after  the  fourth  or  fifth  term.  Now  it  is  evident  that 
the  equation  is  satisfied  with  any  value  of  /i",  whatever,  aud 
consequently  K^  is  indeterminate,  according  to  the  universal 
interpretation  of  an  identical  equation  thus  obtained.  Dau- 
win admits  that  it  is  apparently  so  ;  so  that  whatever  value 
we  give  to  ii',  in  (1  >  above  we  get  values  of  A"^  generally, 
which  in  Dauwin  (34)  gives  a  value  of  h  which  satisfies  the 
tidal  O()uations,  and  is  a  true  solution  of  the  problem.  But 
Laplace  and  Thomson  extt>ud  the  relation  of  (2)  above, 
found  by  equating  the  coellicients  of  like  powers  of  i-  o/ler  K, 
only,  back  to  A',  aud  A',,  and  by  nioan.<  of  the  continued 
fraction  obtain  a  detonninate  value  of  A',  such  as  is  uot 
found  directly  by  equatiug  the  coetlicients  of  r*.  With  re- 
gard to  this  process  Aiuv  justly  says,  "  I  scarcely  neeil 
remark  that  I  look  upon  Laplace's  pixtcess  as  a  mere  sport 
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wilii  syiiibiils,  mill  iipuii  L.um.ace's  conclusion  as  a  grievous 

ITI'OI." 

TiiuMsuN  not  (iiily  oxti'Uils  tiic  relation  of  (•-')  above  l)ack 
where  it  does  not  belong,  but  after  showing  that  the  limiting 
ratio  between  ICj,^..;  and  A',„  deduced  from  it  when  /'  becomes 
inliuitely  great,  is  unity,  he  says  it  must  be  so  changed  as  to 
make  the  ratio  converge  to  zero  instead  of  unity,  and  that 
Laplace  determined  his  /v',  upon  this  principle.  That  is, 
Laplace  established  a  certain  general  relation  Ijetween  the 
coetlicients,  expressed  by  (2)  above,  which  makes  the  final 
ratio  unity,  and  then  determined  his  A',  in  violation  of  this 
relation  and  uiiou  the  principle  that  this  ratio  must  finally 
converge  to  zero.  This  seems  to  me  to  be  reasoning  against 
rather  than  in  favor  of  Laplace's  value  of  A",. 

The  reason  which  Thomson  gives  why  the  vanishing  ratio 
must  be  zero,  and  not  unity,  is  that  otherwise  the  expression 

"'  obtained  from  Darwin  (34)  does  not  become  zero  at  the 

(1$ 

e(iuator,  and  consequently  the   meridional  disi)laeement  of 

the  water  at  the  equator  does  not  vanish,  as  symmetry  re- 

(piircs  that  it  should.     For  it  is  seen  from  Darwin   (23), 

that  unless  ^  =,  0,  the  coetlicient  x  of  this  displacement 
does  not  vanish  at  the  equator  where  cos  $  ^  0.  Hut  it  is 
readily  seen  from  a  mere  inspection  of  Darwin  (34)  that 
does  become  0  at  the  equator,  since  each  term  has  the 
factor  cos  6  which  is  there  equal  zero,  and  so  whatever  the 
relation  between  the  coefficients,  and  whether  the  series  is 
convergent,  non-convergent,  or  divergent,  it  makes  the  me- 
ridional displacement  zero  at  the  equator.  The  slow  final 
convergeuey  of  the  series  at  the  equator  may  be  unfortunate 
practically,  but  no  argument  can  be  deduced  from  it,  as 
Thomson  endeavors  to  do,  in  favor  of  Laplace's  K,.  A 
large  value  of  K^  makes  the  series  more  convergent  at  first, 
but  still  the  final  ratio  between  successive  terms  has  to  come 
to  unity  at  the  equator,  where  r  =  1,  in  accordance  with 
Laplace's  law,  given  in  (2)  above. 

Again,  Thomson  remarks,  that  K^-^IC,  cannot  but  be  equal 
to  the  value  of  the  continued  fraction,  and  that  K„  there- 
fore, must  have  the  value  obtained  by  Laplace.  But  this  is 
a  mere  begging  of  the  question,  for  it  assumes  that  the  rela- 
tion of  (2)  above  must  be  extended  back  to  K^  and  A'o,  which 
is  the  main  point  controverted.  What  is  wanted  here,  is  an 
explanation  of  why  it  is  necessary  to  resort  to  the  continued 
fraction  to  determine  an  indeterminate  quantity, 

AVith  the  additional  light  which  I  now  liave  from  my  re- 
cent study  of  the  subject,  there  is  one  thing  in  my  reply  to 
Thomson,  referred  to  above,  which  I-  now  wish  to  recall,  and 
that  is  the  concession  which  I  made  to  a  point  taken  by  him 
in  his  paper,  st.ated  there,  as  here,  in  italics:  ^^  Whatever 
other  motion  (than  that  given  by  Laplace's  solution)  the  sea 
could  have  in  virtue  of  any  initial  distuj-bance  cannot,  except 
for  certain  critical  depths,  have  the  same  period  as  the  tide- 
generating  forces."     This  point,  too  hastily  conceded  in  my 


reply,  is  not  true.  In  tiiles  on  an  ocean  of  equal  deptii 
covering  the  whole  earth  with  a  rotation  on  its  axis,  there  is 
no  critical  <lepth  only,  as  in  canals,  at  which  the  free  tide- 
wave  may  have  the  same  period  as  that  of  the  tide-generating 
force,  but  free  oscilkitions  may  exist,  for  any  given  depth  of 
ocean,  having  any  period  whatever. 

This  proposition  admits  of  conclusive  demonstration.  It 
simply  becomes  a  special  case  of  the  general  problem  in 
which  we  must  put  in  Darwin  (17)  f  :=  0,  since  this  be- 
comes 0  when  t  =  E>'^  =  0,  and  consecpiently  when  the 
tide-generating  forces  vanish.  And  this  special  case  needs 
no  special  solution,  but  is  contained  in  the  general  solution, 
and  the  successive  values  of  A'^,  in  Darwin  (34)  in  this  case 
are  obtained  from  (1)  above  by  putting  ^  =  0.  We  thus 
get  K^  any  assumed  value,  K,-  =z  |  A',,  7C  =  (y^ — :^aji)J^i, 
and  so  on.  All  these  values  depend  upon  the  as.sumed  K„ 
and  are  independent  of  any  tidal  forces,  but  simi)ly  upon 
initial  motions  which  the  water  must  have  which  satisfy  the 
condition  of  continuity,  and  the  conditions  of  Dakwin  (17) 
in  the  case  in  which  e  ^  0.  The  value  of  n  in  the  equa- 
tions,  and  in  the  expressions  of  (1),  since  fj  =: —--  determine 
the  periods  of  oscillation,  by  Darwin  (20).  And  there  is 
nothing  in  the  equations  which  limits  them  to  any  critical 
depth  or  given  period,  since  I  and  n  in  the  expression  of  p  may 
have  any  values  whatever.  In  this  case  we  have  from  the 
equation  h  =  e+u,  h  =  m,  and  consequently  with  this 
value  of  M  we  get  the  value  of  h  in  (17). 

But  even  if  it  were  not  admitted  that  the  equations  apply  in 
this  case,  then  let  it  be  supposed  that  the  equations  are  solved 
for  some  given  value  of  c  in  Daravix  (17),  and  that  the  values 
of  '-j^  and  J  are  those  which  depend  entirely  upon  the  tidal 
forces.  Now  let  us  suppose  that  these  values  are  doubled 
over  every  part  of  the  earth  by  some  sudden  impulse.  These 
doubled  velocities  would  of  course  satisfy  the  equation  of 
continuity,  and  they  would  give  double  values  to  the  first 
terms  of  (23),  and  the  whole  of  the  left-hand  members  of 
the  eciuations  would  be  doubled.  In  this  case,  h  —  t  would 
be  doubled,  but  e  remaining  the  same  h  would  have  a  greater 
value  than  before  with  the  same  period  of  oscillation,  and 
this  excess  would  depend,  not  upon  c  which  remains  the  same^ 
but  upon  the  increased  initial  motions  of  the  water  which 
give  rise  to  deflecting  forces  arising  from  the  earth's  rota- 
tion, and  expressed  by  the  terms  in  the  equations  containing 
n  as  a  factor.  This  increased  tide,  therefore,  is  a  free  tide 
independent  of  the  tidal  forces,  and  depending  only  upon  the 
increased  initial  motions,  but  existing  in  connection  with  that 
depending  upon  the  tidal  forces,  and  having  the  sanfb 
period. 

Another  important  proposition,  for  which  ,we  shall  have 
use,  can  also  be  deduced  from  the  general  equations  almost 
from  a  mere  inspection  of  them.  Suppose  we  have  a  solu- 
tion of  the  equations  in  any  given  ease,  either  with  tidal 
forces  or  in  the  case  in  which  they  vanish.     To  this  solution 
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Liie  veiufiiies 
DOW  we  i)ut  in  Darwix  (17), 
dr, 
"  -^   =  '-• 

(3)  n  '^   =  ^' 

dl 

c  auct  c'  being  constants  for  any  given  place  on  the  earth, 
then  we  have  the  velocities  of  the  water  inversely  as  tiie  ve- 
locity of  the  earth's  rotation.  Whatever  the  velocities  of  the 
water  and  that  of  the  earth's  rotation,  provided  they  fulfil 
tills  condition,  all  the  terms  of  the  first  members  of  Dak- 
wix  (17)  have  the  same  values,  and  hence  h  —  t,  that  is,  we 
have  the  same  tide,  but  with  a  different  period.  Hence,  if 
all  the  velocities  are  increased  in  the  same  ratio  as  the  ve- 
locity of  rotation  is  diminished,  we  have  the  same  height  of 
tide.  But  of  course  these  velocities  depend  mostly  upon  the 
initial  motions,  and  not  upon  the  tidal  forces,  and  are  simi)ly 
free  tides  existing  in  connection  with  the  real  tide,  and  must 
rapidly  disappear  in  the  case  of  friction. 

In  the  solution  of  the  equations  for  diurnal  tides,  Darwix, 
in  his  article  for  the  Encyclopaedia,  substantially  follows  La- 
place, and  arrives  at  the  same  remarkable  result,  that  there 
is  no  diurnal  tide  where  the  depth  of  the  ocean  is  every- 
where the  same.  This  is  done  witliout  regard  to  certain 
criticisms  which  I  made  upon  that  solution  more  tlian  thirty 
years  ago  {Astr.  Journal,  IV,  173),  and  then  again  about 
fifteen  years  ago  (Tidal  Researches,  p.  151),  and  so  it  be- 
comes necessary  to  take  up  again  this  part  of  the  subject, 
and  with  all  due  deference  to  high  authority  I  must  here 
enter  a  protest  against  the  correctness  of  this  solutiou. 

Lai'i.ace,  in  tlie  solutiou  of  the  equations  iu  this  case,  as- 
sumes that  the  value  of  u,  in  a  sea  of  uniform  depth,  is  of 
the  form  of 

(4)  e  —  E  smO  cos  6 

tiiat  is,  of  the  form  of  the  potential  of  the  tide-generating 
forces,  and  he  finds  that  the  equations  are  satisfied  with  this 
form,  and  he  gets  a  definite  result  whidi  makes  the  tide 
vanish.  But  note  that  he  adds  to  the  conditions  expressed 
by  the  tidal  equations  still  another  one,  namely,  that  the 
value  of  u  shall  have  a  given  form,  that  of  (4)  above.  In 
my  solution  of  the  eciuations  in  this  case,  it  is  assumed  that 
the  expression  of  u  satisfying  the  equations,  puttiug  i'  for 
sin  6,  is  of  the  more  general  form : 

(o)  u  -^  Ai  r  ■{■  A,  r'  + A,v' 

in  which  the  value  of  i  may  be  any  integral  odd  number  com- 
mencing with  unity.  Substituting  this  expression  of  u  and  that 
of  its  first  and  second  derivatives,  and  also  that  of  e  in  (4) 
above  developed  into  the  same  form,  in  the  tidal  equation, 
and,  eiiuatiug  to  zero  the  coeflicients  of  like  powers  i)f  r,  I 

get 

.1,  =  A, 

(6)  .1.=  — i-1,  +  5  ;;;  (A,-\-E) 

and  so  on,  g  and  I  here  being  supposed  to  be  expressed  in 


terms  of  the  earth's  radius,  but  only  after  A-  is  a  common 
relation,  between  any  coetticient  j4,  and  the  three  preceding 
ones  established.  For  this  expression  and  other  details  of 
the  solution  the  reader  is  referred  to  my  solution  in  the 
papers  above  referred  to.  The  result  of  .4,  ^  J,  with  this 
more  general  assumed  form  of  expression  shows  that  the 
problem  in  this  case,  as  well  as  in  that  of  the  semi-diurnal 
tides,  is  indeterminate,  and  that  there  may  be  as  many  differ- 
ent values  of  u  which  satisfy  the  conditions  of  the  problem 
as  there  can  be  assumed  values  of  Ai,  and  the  problem  is 
only  determinate  when  the  additional  condition  is  imposed 
upon  the  problem  that  u  shall  have  the  form  of  e  in  (4) 
above,  in  which  case  all  the  conditions  are  satisfied  with  La- 
place's result  alone.  From  the  very  form  which  the  de- 
velopment of  e  in  (4)  assumes,  it  is  evident  that  the  expres- 
sion of  «  must  be  of  the  form  of  (5),  but  it  does  not  follow 
that  the  relation  between  the  coefficients  of  A^  shall  be  the 
same  as  in  the  development  of  e  iu  (4)  as  required  by  La- 
place's assumptiou.  Now,  if  this  solution  and  Laplace's 
are  both  correct,  and  the  latter  is  simply  a  special  case  of 
the  former  more  general  one,  then  some  value  of  Ai  should 
be  fouud  whicli  gives  Laplace's  result.  Such  a  value  is 
Ax  =  — E.  With  this  value  (5)  above  by  means  of  (6) 
gives 

«  =  —  £r(l — ir— ^i-^— etc.)  (7) 

=:  —  E  hia  6  cos 6  =:  —  e 

This  value  of  u  in  the  expression  h  z=  e  +  u  gives  h  ;^  0, 
which  is  exactly  Laplace's  result.  But  this  is  simply  one 
of  an  infinite  number  of  results  which  satisfy  the  conditions 
of  the  tidal  equations,  and  the  single  one  which  also  satisfies 
them  in  the  restricted  case  in  which  the  form  of  ii  is  required 
to  have  the  assumed  form  of  (4)  above.  But  as  this  result 
is  obtained  by  giving  a  value  to  A^,  it  is  not  a  result  which 
depends  alone  upon  the  tidal  forces,  but  one  iu  which  a  tide 
independent  of  the  forces,  and  depending  upon  the  detlect- 
ing  forces  arising  from  the  earth's  rotation  in  connection 
with  certain  initial  motions  given  to  the  water,  which,  as  has 
been  shown  above,  can  exist  with  the  other  having  the  same 
period  of  oscillation.  And  this  latter  in  the  case  of  J,  ■=  — E 
exactlj-  counteracts  the  other,  and  makes  the  tide  vanish. 
But  in  the  vanishing  of  the  tide  the  horizontal  motions  of 
the  water  do  not  vanish,  but  we  get  in  this  case  from  Dak- 
win  (23),  as  shown  by  Mr.  Basset. 
E  <jE 


>/  sin  6  -^  —       cos  $  =  — 


jfoosS 


And  with  these  we  get  from  Dakwix  (20)  for  the  veloci- 
ties, puttiug  in  this  case  "if  =   1. 

''?  =  —?I  sin  (ii+f+u)  (8) 

lit  aa  "^        ^         '  ^    ' 

V  sui  6  -^  =  — cos(i»  +  e+a) 

lit  (III  ^ 

It  is  aduiillcd  above  that   Lapla<.  k's  result  is  one  of  an 
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infinite  number  wliicli  satisfy  the  conditions  in  tbe  ease  of 
no  friction,  liut  it  is  one  wiiicli  does  not  deiiend  alone  upon 
tlie  tidal  forces,  but  also  upon  certain  initial  motions  which 
the  water  may  be  conceived  to  have,  liut  tliis  is  not  what 
Lait.ac'E  claims  for  it,  liut  he  claims  that  it  is  a  result  de- 
pending upon  the  tidal  forces  alone  after  friction  has  de- 
stroyed all  others  depending  upon  initial  motions  merely. 
Rut  now  note  the  result  which  wc  get  from  (8)  above,  which 
is  obtained  upon  the  hypothesis  of  a  vanishing  tide.  The 
exi)ressions  of  (8)  are  obtained  from  equations  which  must 
hold  for  all  values  of  n,  however  small,  and  so  when  n 
vanishes.  As  the  velocity  n  of  the  earth's  rotation  is  di- 
minished the  velocities  of  the  water  increase,  and  when  n 
vanishes  the}'  become  infinite.  It  should  be  stated  here, 
however,  that  when  tiie  velocities  become  very  great  in  com- 
parison with  that  of  the  earth's  rotation,  the  equations  fail  in 
consequence  of  certain  neglected  terms  in  Darwin  (1.5) 
then  becoming  too  large  to  be  neglected,  and  so  instead  of 
becoming  iufinite  the  velocities  would  only  become  very 
great.  Hut  if  the  vanishing  tide  is  a  true  tide  depending 
upon  the  tidal  forces  only,  then  it  is  evident  that  as  n  is 
diminished  the  tidal  velocities  diminish,  and  when  ii  becomes 
0  we  have  the  equilibrium  tide  in  which  all  motion' ceases. 
But  Laplacu's  solution  gives  no  such  result  and  therefore 
does  not  give  a  tide  depending  upon  the  tidal  forces  alone. 
The  preceding  result  is  entirely  clear  if  we  admit  that 
Lai-lace's  result  depends  in  part  upon  a  tide  arising  merely 
from  initial  motions  and  which  counteracts  and  destroys  the 
real  tide.  For  then  by  (3)  above,  in  order  to  have  the  same_ 
tide  as  the  velocity  of  rotation  is  diminished,  or  as  in  this 
case,  to  have  a  vanishing  tide  for  all  velocities  of  rotation, 
we  must  have  the  velocities  inversely  as  n,  just  as  given  by 

(8)  above. 

But  in  order  to  make  this  matter  still  clearer  to  those  who 
are  not  able  to  grasp  the  more  complex  cases,  I  will  take 
the  following  very  simple  case,  which,  however,  is  a  special 
case  in  the  general  solution.  Suppose  the  disturbing  body, 
sun  or  luoou,  to  stand  over  one  of  the  poles  of  the  earth, 
we  then  have  instead  of,  (4), 

(9)  e  =z  E  (3  cos-e— 1). 
Washington,  D.C.,  1889  May  22. 


But  in  this  case  r  and  h  are  independent  of  longitude  and 
become  equal  to  e  and  h.  The  general  equations  of  Dau- 
wix  (17)  in  this  case  are  satisfied  by  assuming  that  tiie 
water  has  a  uniform  velocity  -j^  around  the  earth,  but  no 
meridional  component.  Of  course  such  a  motion  satisfies 
the  equation  of  continuity.  In  this  case  the  second  of  Dak- 
win  (17)  disappears,  and  we  get  from  the  first  one  (10) 

■2n  sin  e  cos(9  ^  =  '^-'^  (/i— e)  =  '' ('~  +  SE  cos  6  sin  «^ 

It  is  seen  from  this  equation  that  the  problem  is  indeter- 
minate  and  that   we  get   as   manv   different  values  of  -rx 

dff 

and  consequently  of  /«,  as  we  assume  values  of  _f  for  the 
different  latitudes.     But  if  it  is  required  that  h  shall  have  a 

given    form   then   certain  determinate  values  of    ,'  are  re- 
''  dt 

quired  at  each  latitude.     For  instance,  if  it  is  required  that 
dh,  and  conse(|uently  a  change  of  level  in  different  latitudes, 

shall  vanish,  wo  get  from  (10) 


3yE 
'2  an 


(11) 


That  is,  an  angular  velocity,  which  is  the  same  U<y  tiic  dif- 
ferent latitudes,  satisfies  this  condition.  It  is  readily  seen 
that  in  this  case  the  force  which  counteracts  the  attractive 
forces  of  the  sun  or  moon  is  simply  that  of  the  deflecting 
force  of  the  earth's  rotation  belonging  to  the  easterly  veloc- 
ity of  the  water,  or,  in  other  words,  the  increased  centrifu- 
gal force  arising  from  increasing  the  angular  eastward 
velocity  of  rotation  -y  to  that  of  the  earth's  rotation  n.  Now 
it  is  seen  from  (11)  that  this  velocity,  as  in  other  cases,  has 
to  be  increased  as  the  velocity  of  rotation  is  diminished, 
and  the  reason  is  very  obvious  from  general  considerations. 
Now  any  one  can  see  that  this  result,  this  vanishing  of  the 
tide,  so  to  speak,  simply  arises  from  an  initial  eastward 
velocity  of  the  water,  and  when  this  is  destroyed  by  friction 
we  get  the  equilibrium  state  depending  simply  upon  the 
forces. 


A     CORE 

By  WILLIAM 
Professor  Safford  makes  the  following  statement  on  page 
2o  of  his  Memoir  on  the  Williams  College  Catalogue  of  North 
Polar  Stars  : 

"  Professor  Rogers's  catalogu6~is  said  to  be  '  reduced  to  the 
standard  of  Publication  XIV.'  I  cannot  find  anywhere  a  defi- 
nite statement  whether  for  these  stars  the  reduction  is  simply 
made  b}'  the  help  of  the  fundamental  places  of  Publication 
XIV.  or  whether  for  certain  other  stars  systematic  correc- 
tions have  been  applied." 


ECTION, 

A.  ROGERS. 

It  will  be  seen,  by  reference  to  pages  Ixxi-lsxiii  of  the  In- 
troduction to  Volume  XVI  of  the  Annals  of  Harvard  College 
Observatory,  that  the  information  sought  is  plainly  given. 
In  order  to  correct  the  erroneous  impression  conveyed  by 
the  statement  of  Professor  Safford,  it  seems  worth  while  to 
repeat  the  statement  made  in  the  Introduction  to  Volume 
XVI.  The  sentence  here  printed  in  italics  is  not  so  printed 
in  the  original. 

The  tabular  corrections  to  the  places  of  certain  stars,  both 
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in  right-ascensiou  and  declination,  are  also  given  to  facilitate 
tlie  comparison  of  tlie  predicted  corrections  with  the  final 
corrections,  wiiicli  will  doubtless  be  soon  determined. 

[QiiDliitioii  from  tlie  Introiliuaioii  to  Vol.  W I,  Annulx  of  Harvard 
Colle(/e  Observatorij.  | 

The  instrumental  constants  depend  upon  the  positions  in 
the  catalogue  of  539  stars  given  in  Publication  XIV  of  the 
Astronomische  Genelhchaft.  Ill  the  reduction  of  the  obser- 
vations, it  was  found  that  a  few  stars  persistently  gave 
values  of  ( JT+wi),  or  of  7?,,,,  differing  appreciably'  from  the 
mean  values  of  these  functions,  for  eacii  date  of  observation. 

Taulb 
Pkovisional  and  Final  Cokrections  t6  the  Places  ok 


In  every  siispected  ease,  the  residual  between  the  observed 
value  and  the  mean  value  was  taken  during  the  entire  series 
from  1871  to  1879.  The  cases  which  were  noted  iu  this  way 
were  then  grouped  together  for  the  entire  interval,  and  then, 
for  the  first  time,  an  examination  was  made  of  the  recur- 
rence of  the  same  errors  for  each  year.  From  this  pro- 
visional list  were  selected  all  the  stars  which  appeared  to 
require  corrections  to  the  positions  of  tlie  Fundamental  Cata- 
logue. A  special  examination  was  made  of  these  stars,  re- 
sulting in  the  following  list  of  corrections.  In  the  adjacent 
column,  the  corresponding  corrections  obtained  from  the 
complete  reduction  of  the  observations,  are  given. 

XVII. 
Certain  Stars  in  the  Catalogue  of  Publication  XIV. 


Provis. 

Final 

Provis. 

Final 

Star 

B.A. 

d 

Correct'n 

Correct'n 

Star 

R.A. 

d 

Correct'n 

Correct'n 

In  Riglit- 

Ascension. 

(  Cell 

h        11) 

0   13 

—  9°3l' 

+  o''o5 

+  0.05 

tp  Herculis 

h        m 

16     5 

+  45° 

16 

+  o''o7 

+o"o8 

II.  Casxiopeae 

0  42 

+  57     9 

+  0.09 

+  0.09 

ri  Draconis 

16  22 

+  61 

48 

—0.17 

—0.16 

(i  Andromedae 

1     3 

+34  57 

—0.07 

—0.05 

Groombridge  2377 

16  43 

+  57 

0 

—0.13 

—0.11 

36  Lyncis 

9     6 

+  43  44 

—0.16 

—0.09 

5  Draconis 

17  51 

+  56 

54 

—0.11 

—0.12 

o  Ursae  Majoris 

9  42 

+  59  38 

—0.04 

—0.02 

33  Cygni 

20  10 

+  56 

11 

—0.10 

— O.lO 

6  Draconis 

16     0 

+  58  54 

—0.12 

—0.09 
In  Dec 

).  Andromedae 
lination. 

23  31 

+45 

47 

—0.08 

—0.06 

a  Cassiopeae 

0  33 

+  55  51 

+  0.5 

+  0.5 

t  Si' i-jic. litis 

15  45 

+   4 

51 

—0.7 

—0.5 

a  Taiiri 

4  29 

+  16  15 

—0.8 

—0.2 

(iidcinibridge  2296 

15  55 

+  55 

6 

+  0.6 

+0.4 

I  Eridani 

5     3 

—  8  55 

—1.6 

—0.9 

-/  llcrridis 

16  16 

+  19 

27 

—0.6 

—0.8 

It  Orionis 

5  48 

+   7  23 

+  0.6 

+  0.2 

Groomljridge  2377 

16  43 

+  57 

0 

+0.6 

+0.5 

V  Orionis 

6     0 

+  14  47 

—0.5 

—0.8 

£  Ursae  minoris 

16  69 

+  82 

14 

+  0.6 

—0.1 

23  H  Camelopardalis 

6  25 

+  79  42 

+  1.5 

+  1.1 

f!  Draconis 

17  28 

+  52 

24 

+0.5 

+  0.1 

6  Gerninoruni 

G  45 

+  34     7 

—0.6 

—1.1 

Y  Draconis 

17  54 

+  51 

30 

+  0.4 

+0.4 

S  Cancri 

8  38 

+  18  37 

—0.9 

—0.9 

Groombridge  2655 

18  36 

+  77 

27 

+  0.8 

+  0.8 

(r'Cuncri  med. 

8  47 

+  31     3 

+  0.7 

+  0.5 

,N  AipiiJae 

19  19 

+  2 

52 

+  1.2 

+0.6 

C  Hydrae 

8  49 

+  6  25 

+  0.5 

+  0.6 

(S  ,Si  11/ ittae 

19  42 

+  18 

14 

—1.0 

—0.9 

83  Cancri 

9  12 

+  18  14 

—0.6 

—0.6 

r/  AquHae 

19  46 

+  0 

41 

—0.6 

—0.3 

a  Hydrae 

9  21 

—  8     7 

—0.4 

+  0.1 

e  Cygni 

20  41 

+33 

30 

-0.8 

—0.3 

1}  Leonis 

10     1 

+  17  22 

—0.7 

—0.6 

I  Fegasi 

22     1 

+24 

44 

—0.6 

-0.4 

y  Ursae  Majoris 

11  47 

+  54  23 

+  0.5 

+  0.2 

6  Pegu  si 

22     4 

+   5 

35 

+  1.2 

+  0.6 

■q  Virginis 

12  14 

+   02 

—0.6 

—0.5 

0  Andromedae 

22  56 

+41 

39 

—0.5 

—0.4 

T  Virginis 

13  55 

+   2     9 

+  0.9 

+  0.6 

n  Cephei 

23     4 

+  74 

43 

—1.4 

—1.1 

p  Boot  is 

14  26 

+  30  55 

+0.5 

+  0.3 

0)  I'iscium 

23  53 

+   6 

10 

+0.6 

+0.3 

a  Serpentis 

15  38 

+   6  49 

+  0.6 

+  0.5 

It  will  be  seen  from  the  tabular  corrections  in  declination 
that  the  plus  and  minus  signs  are  nearly  eipially  distributed. 
Since  the  corrections  are  small,  they  will,  even  if  they  are 
ri'al,  have  but  little  effect  upon  the  final  value  of  li,^  for  any 
date.  No  account,  therefore,  lias  been  taken  of  the  corrections 
in  declination. 

Under  the  approval  of  the  Council  of  the  Oeselt.icha Jt ,  all 
the  corrections  in  right-ascension,  given  above,  hare  been  ap- 
plied in  the  _/inal  computation  of  (JT+m).  Hut  it  is  To  be 
observed  that,  in  the  determination  of  the  constant  h,  those 
stars  were  omitted  from  tlie  e((uati<)ns,  with  the  exception  of 
7/  Draconis,  to  which  the  correction  — 0M6  was  applied. 

For  the  years  1883  and  1881,  the  following  corrections  in 


right-ascension  were  introduced  in    the  determination  of  n 

and  of  (J7'+w)  : 


Star 

(irooniliridge  29 
/.  Cas.siopeai' 
Groonibritlge  966 
1  H  Draconis 
6  Draconis 
r,  Draconis 
(!  room  bridge  2377 
Giooinbridge  2655 
Groombridge  2900 
41  II  Ca.-<siopvac 


U.\. 

h         III 

0  9 
0  42 
.'.  2.? 
9  19 
16  0 
16  22 
16  43 

18  36 

19  29 
23  42 


Cor.  to  KiiikI. 
Ciitalo!;. 

+  0.'l5 
+  0.09 
—0.06 
+  0.21 
—0.09 
—0.19 
— 0.09 
—0.13 
+  0.15 
+  0.03 
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The  following  conectious  were  used 

in  the  reduction's  for 

6  Cephei                      20  28*" 

— O.'lO 

1885,  in  addition  to  those  <!;iven  aliove 

a  Ci/yni                         20  37 

—0.07 

25  Monocerolis 

h     111 
7  .'il 

+  0.'l4 

61'  Cyjni                       21      1 

+  0.15 

27  Lyiicis 

7  ;■)!• 

+  0.08 

No  correclions  in  declination  tven-  npjilivdfor  the  years  1883, 

u  Ursae  Majoris 

11      IL' 

■ — (M>9 

1884  and  188'),  l)ut  the  following  stars 

were  excluded  in 

ji  Crateris 

11      .'> 

+  (1.11 

the  detenniuation  of  R,^  for  1885,  viz.  : 

d  Aurigae,  C'J  // 

69  H  Ursae  Majoris 

13  24 

—0.08 

Ursae  Majoris,  35  hnirohls  and  ,>  L>irue. 

ELEMENTS   AND   ErHP:MEKIS   OF   COMET  c  1880    {BARNARD)^ 

AV.  W.  CAMPBELL. 


These  elements  and  cplienieris  were 
three  following  observations  : 


comiiutiMl  from  tiie 


Gr.  M.T.  1SS9 

■Vpp.  a 

App.  8 

Lick, 

June  23.9499 

1   20  53.4 

+  38  50  44 

Lick, 

30.8775 

1  53  33.1 

+  42  30     9 

Ann  Arbor, 

.Tilly    5.8067 

2  ir,   1(1.71 

+  44  34  23.4 

Element.s. 
T  =  1889  June  20.64221  Gr.  M.T. 
0-2?f   25    ?r'"^^  Ecliptic  and  Mean 
^/=     31     21    5J:oV<VHnox  1889.0 
log  q  —  0.049016 


Residuals  (O- 


(  eoSjji'J/.' 


+  3".  5 
+  6".0 


Equatorial  Coordinates. 

X  =  [9.931479]  r  sin(v+  62  34  42.1) 
y  —  [9.971327]  rsin(\'  +  319  20  57.2) 
z  =  [9.797917]  r  siu(i:+   21  35  49.3) 

Ann  Arbor,  1889  July  8.  


lOriiic.Mi.uis  FOR  Greenwich  Mean 

18811                     u  d  lofl  r 

July  11.5  2'42"42"  +46°24.4  0.0679 

13.5  2  51  42  46  57.0  0.0716 

15.5  3  0  .'Jo  47  26.2  ((.0754  • 

17.5  3  9  19  4  7  52.3  (1.0795 

19.5  3  17  55  48  15.5  O.(l«o7 

21.5  3  26  20  48  35.8  0.0882 

23.5  3  34  35  48  53.5  0.0929 

25.5  3  42  38  49  8.7  0.0977 

27.5  3  50  29  49  21.8  0.1027 

29.5  3  58  7  49  32.7  0.1078 

31.5  4  5  33  49  41.7  0.1130 

Aug.  2.5  4  12  45  49  48.9  0.1184 

4.5  4  19  44  49  54.4  0.1238 

6.5  4  26  29  49  58.3  0.1293 

8.5  4  33  0  50  1.0  0.1349 

10.5  4  39  17  50  2.3  0.1405 

12.5  4  45  20  50  2.G  0.1462 

14.5  4  51   9  50  1.9  0.1519 

16.5  4  56  43  +50  0.2  0.1577 


Time. 
lou'  A 

0.0962 
0.1011 
0.1060 
0.1107 
0.1154 
0.1198 
0.1242 
0.1284 
0.1325 
0.1363 
0.1401 
0.1436 
0.1471 
0.1503 
0.1534 
0.1563 
0.1591 
0.1616 
0.1641 


Br. 
0.75 

0.68 

0.63 

0.58 

0.54 

0.50 

0.46 

0.42 

0.38 

0.36 


The  Lick  observations  were  communicated  h_v  telegraph. 
The  Ann  Arbor  observation  was  made  in  a  thick  sky.  and 
the  nucleus  was  not  visible.  It  depends  upon  the  star 
Paris  2998. 


OBSERVATIONS   OF   COMET  c  1889, 

made  at  the  haverford  college  obsellvatoity, 
By  F.  p.  LEAVENWOKTH. 


1889  HaverfordM.T. 

* 

No.                            ^— *                     '                    ^•■•^a 
Comp.              z/a         1         z/8          1            a 

PparcMit 

s 

log 
for  a 

ror,i 

d           h       m        » 

June  27  13  69  48 
July     5  13  15  54 

1 
2 
3 

5 

1 
1 

—0  58.06       —0  30.7 
—2  23.0         —3     2 
—2  35.7         —1   18 

1  39  0.01 

+  40  59  7.5      »i9.768 

0.527 

*    ■ 

a 

Keel,  to 
app.  place 

s 

Red.  to 
app.  place. 

Authority 

1      i      139"  57^94      1     +o!l3          +40°59' 48!5    j     — lO.'s     |     Weisse's  Bessel  I,  871                       | 

The  observations  were  made,  with  a  square-bar  micrometer. 


The  comet  was  extremely  faint  on  both  nights,  the  nucleus  ap- 
pearing as  a  scar  of  the  thirteenth  magnitude. 
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DISCOVERY  AT^D   OBSERYATIOJfS  OF  A   CO^IET, 

By  E.  E.  BARNAKD,  Astkoxomku  ok  thk  Lick  Obsf.kvatory. 
Oil  the  morning  of  June  24,  at  about  2'',  I  discovered  a  |       The  following  are  the  observations  so  far  obtained: 
faint  comet  in  Andromeda  with  the  6J-ineh  etjuatorial.         | 

FILAR-MICROMETER   OBSERVATIONS    OF    COMET  C  1889   {BARXAliD,  June  23). 


MADE  WITH  THE   12-lXCH   EQUATORIAL. 

1889  Mt.  Hamiltou  M.T. 

* 

No. 
Comp. 

-* 

^8 

^'s  apparent                           log  p^           i 
a              1                8                     (ora     \     fori       \ 

June  23    14''4l"'2r 

1 

8  ,    7 

— o"'37.'73 

+  3  36.7 

1  20  53.41 

+  38  50  43.6    H9.745 

0.387 

24    13  56  14 

•> 

12,    6 

+0  13.42 

—9  20.6 

1   25  26.25 

+  39  24  39.6    h9.774 

0.510 

25    12  59     4 

3 

24  ,    8 

—0  18.50 

—4  43.9 

1   29  58.36 

+39  57  14.7    «9.787 

0.634 

2G    13  23  57 

4 

5 

_ 

+  5  50.3 

- 

+  40  30  35.5 

0.594 

14     4     0 

4 

8 

—1   56.90 

- 

1  34  53.93 

n9.779 

- 

29    12  46  43 

5 

14  ,    9 

—0  17.89 

+  1     9.6 

1  48  48.20 

+  42     1  31.5    «9.794 

0.661 

30    12  57     0 

6 

12  ,    8 

+  1     6.66 

+  3  42.6 

1  53  33.14 

+  42  30     8.7    «9.798 

0.643 

July     1  .13  38     3 

7 

14  ,  10 

—■>     2.17 

—8  21.1 

1   58  23.53 

+  42  58     8.5    n9.805 

0.525 

2    13  47  28 

8 

16  ,  10 

—  1    27.07 

+4  58.0 

2     3     8.32 

+  43   24  27.2    w9.807 

0.511 

Mean  Places  for  1889.0 

of  Camp 

arison- Stars. 

* 

a. 

Red.  to 
app.  place 

S 

Red.  to 
app.  place 

Authority 

1 

l'2i"'3l!05 

+o!o9 

+38  47  16.9 

—10.0 

Weisse's  Bessei  I,  419-420 

2 

1   25  12.74 

+  0.09 

+39  34  10.3 

—10.1 

"      I.  503-508 

3 

1  30  16.75 

+  0.11 

+  40     2     8.7 

—10.1 

"      I.  625 

4 

1  36  50.71 

+  0.12 

+  40  24  56.4 

—10.2 

"       I,  805 

5 

1  49     5.95 

+  0.14 

+  42     0  32.1 

—10.2 

Comp.  with  Weisse's  Bessei  1, 1182 

6 

1  52  26.32 

+  0.16 

+  42  26  30.1 

—10.0 

Weisse's  Bessei  I,  1184 

7 

2     0  25.57 

+  0.13 

+  43     6  39.7 

—10.1 

Lai.  3849 

8 

2     4  35.26 

+0.13 

+43  19  39.3 

—10.1 

Weisse's  Bessei  11,  15 

.lune  2.3.     Comet  faint,  with  no  condensation  and  no  tail. 

Jnne  24-25.     Prol)al)ly  somewhat  more  condensed. 

June  2G.     Excessively  didiciilt  in  haze,  but  observations  good. 

Mt.  Hamilton,  1889  July  3. 


June  29.     *5  — W.B.  1182;    J«  =  —3""  I8M4,    Jfi  =  9'  IS'.O 
July  2.     Comet  smaller  and  more  condensed ;  somewhat  brighter, 
owin^  to  the  condensation. 


TUV:  DEDUCTION  OF  PLANETARY  MASSES  FROM    Till-:  MOTIOXS  OF  COMETS, 

Hv   A.   HALL. 

of  the  Winnecke  comet  no  evidence  of  a  lesisting  medium  in 
tlie  regions  traversed  by  this  comet.  lu  fact,  there  is  a 
small  retardation,  and  to  remove  this  the  mass  of  Jupifer 
has  been  slightly  increased. 

The  objection  to  deducing  values  tif  planetary  ma.sses 
from  the  motions  of  comets  consists,  I  think,  in  the  fact  that 
apparently  other  forces  than  that  of  gravitation  act  on  these 
bodies.  As  a  comet  approaches  the  sun  it  changes  form, 
disintegrates,  and  matter  is  thrown  off  to  form  a  tail.  Until 
we  know  more  of  the  theory  of  these  changes  the  computa- 
tion of  masses  from  the  motions  of  comets,  and  inferences 
about  the  resisting  niediuni  in  space,  must  be  uncertain. 


The  laliorious  and  interesting  investigations  of  Ba(K1.i:ni> 
and  Haeudti.  on  comets  of  short  jieriod,  namely,  Encke's  and 
Winnecke's,  and  the  results  found  by  these  astronomers  for 
the  masses  of  jjlanets,  brings  up  the  question  whether  the 
motions  of  such  bodies  can  be  used  for  accurate  determina- 
tions of  these  masses.  For  some  time  this  iuis  seemed  to  me 
a  doubtful  point. 

In  his  last  memoir  Hacki.unk  has  reduced  the  cocllicicnt 
of  the  resisting  medium  in  space  to  one-half  the  value  found 
by  Enckk,  and  he  finds  a  mass  of  Merrnnj  three  or  Jour 
limes  greater  than  that  found  by  Enckk  from  this  motion  of 
the  same  comet.  This  value  of  the  mass  would  give  this 
planet  the  density  of  lead.   Dr.  v.  IlAKitin'i,  linds  in  the  motion 

1889  June  10. 
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[Coniniuiiicatcd  by  the  Superintendent.] 


1889  Washington  M.T. 

* 

No. 
Conip. 

-* 

^8 

^'s  apparent 
a                      S 

log  pA 

for  a     1       for ,) 

Obs. 

June    5   13  46  52.9 

6  13     6     3.2 

13     6     3.2 

23  12     2     3.5 

1 
2 
1 
3 

19  ,  4 

20  ,  4 
15  ,  4 
20  ,  4 

—2     9' 75 
—2  24.65 
—3  57.86 
—0  52.63 

—  4  27.6 

—  0  53.4 

—  4  59.5 
—10     8.1 

22  47     6-01 
22  45  18.36 
22  45  17.86 
22     5  47.81 

+  2  40  19.1 
+  2  39  43.5 
+  2  39  47.4 
+2     1   10.2 

7J9.612 

?i9.633 
n9.633 
n9.593 

0.729 
0.733 
0.733 
0.732 

F 
F 

F 
F 

Mean  Places  for  1S89.0 

of  ComjKirison- Stars. 

* 

a 

Ked.  to 
app.  place 

s 

Ued.  to 
app.  place 

Authority 

1 

2 
3 

h       III         s 

22  49   15.32 

22  47  42.60 
22     6  39.30. 

f  +0.44  )          I  .1°  ,/  ,-".3        f  — o''6  ) 
i+0.40i,       +2  44  4. .3        }  _o.4  } 

+  0.41      [       +2  40  ?,!  4            -0.5 
+  1.14     !       +2   11    14. '.1             +3.4 

r.oiin  \\.  +i'4:).Sl 

Bonn  VI,  +2^4577 
^  (Grant +  Laiuont) 

COMET  d.  1889. 

A  dispatch  received  .July  7  fioiu  Mr.  W.  R.  lluuOKS  at  Geneva,  N.Y.,   anuonnces  the  discovery  of    a    rather  faint 
comet,  observed  by  hiui  as  follows: 
1889  July  e""  12''  30'"  Wash.  M.T.         a  =   2.3''  45'",     cf  =  —9°  10'  Daily  motion,  +1"'  in  a.  and  ."/  northward. 

From  alignments  made  by  Mr.  Brooks,  the  more  accurate  position  is  obtained, 

July  6"  14''  Wash.  M.T.  u  —  23''  44"'  8%     8  =  —9°  9' 

Mr.  Bahnaki)  telegraphs  an  observation  from  tlie  Lick  Observatory  : 

1889  July  8.9561   Greenw.  M.T.  a  =  23"  46"'  26M,     fl  -~  —8°  55'  57" 

He  describes  the  comet  as  1'  in  diameter,  slightly  elongated,   and  11^'  or  fainter. 
The  very  unfavorable  weatljcr  for  the  last  ten  days  has  prevented  any  observations  in  the  eastern  states. 


A  dispatch  from  Rochester,  N.Y.,  July  6,  announced  the  discovery  of  a  comet  by  Swift  in  the  position, 
1889  July  b'^  15''  Wash.  M.T.         a  =  22''  52"'  28%     S  =  +0°  49'  Daily  motion,  —2"'  in  «,  and  10'  southward. 

A  subsequeut  dispatch,  received  July  7,  corrects  this  right-ascension  to  21''  27"'  30%  and  also  gives  a  later  right- 
ascension,  1889  July  6*  12''  30'"  Wash.  M.T.         a  —  21"  24"  20^ 

These  positions  are  suflicieutly  near  to  those  of  the  comet  c  1888    {A.J.  IX,  23)   to  make  it  evident    that  this  was 
the  object  seen. 

IS^OTICE. 

Prof.  William  Hoovki:  of   the  Ohio  University,  Athens,  Ohio,  asks   that   any  existing  observations  of  the   Comet  188<)  IX  may 
be  soon  published,  iiiasniuch  as  he  desires  to  make  a  definitive  determination  of  the  orbit. 
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OX    rilK    LKilir- VARIATIONS  OF    U  CEPIIEL 


C.  CHANDLER. 


lu  tlie  excellent  discussion  of  tiiis  varialile  by  Dr.  .1. 
\Vii..->NG  {A.N.  2.596),  it  was  shown  that  the  period  of 
2''  1 1''  4!)"'  43". 5,  deduced  from  the  eighteen  minima  afforded 
hy  his  own  observations,  from  1881  Xov.  16  to  1884  April  9, 
not  only  satisfied  those  data,  but  also,  when  compared 
with  the  work  of  otiier  observers,  revealed  no  systematic 
differences,  exceeding  the  uncertainties  of  observation  and 
reduction,  which  could  give  rise  to  assumptions  of  irregu- 


larity in  tiie  period  itself.  Mr.  (i.  Kxutt,  too.  from  twenty 
of  his  own  minima,  covering  a  somewhat  longer  interval 
(1880  Oct.  23  to  1884  March  20).  obtained  2''  IT  49"' 
42". 96.  A  third  series  of  twenty  minima  by  Schmikt.  near- 
ly contemporaneous  with  the  others  (1880  Oct.  IS  to  1883 
Nov.  4),  gives,  according  to  my  computation,  2""  IP  49"' 
43'. 72.  For  convenience,  referring  the  various  elements  to 
the  same  principal  epoch  and  meridian,  we  have  : 


Observer     Mean  Epoch        Greenwich  M.T. 

<l       h         til 

Schmidt  172  1881  Nov.  21  8  28.3 
WiLSiNc;  207  1.S81  Nov.  21  8  18.8 
Knott  267         1881   Nov.  21   8  31.0 


+  2  11  49  43.72  (£—207) 
+  2  11  49  43.50  (£—207) 
+  2   11  49  42.96   (£—207) 


These  determinations,  based  on  series  of  observations 
each  of  which  is  iiomogeneous  in  itself  and  entirely  indepen- 
dent of  tiie  others,  assign  values  to  the  period  which  are 
very  accordant,  well  within  the  limits  of  their  probable  un- 
certainties. 

In  1«87  and  1«88  I  obtained  two  hundred  and  fourteen 
observations  of  this  star,  giving  accurate  times  for  ten  min- 
ima, and  an  eleventh  imperfectly.  Comparison  witii  the 
earlier  elements  showed  that  the  period  for  the  interval 
timst  be  about  a  second  and  a  half  greater  than  the  above 
values.  The  period  2"  ll""  49"'  4.i".00,  and  an  epoch  formed 
from  all  my  obsei  vations,  were  tlrere.fore  provisionally 
adopted  as  the  elements  in  my  catalogue  of  1888,  with  the 
intention  to  make  a  more  thorough  investigation  for  use  in 
its  next  edition.  This  intention  has  been  since  carried  ont, 
and  the  results  are  communicated  in  this  paper,  —  wherein  I 
think  it  is  demonstrated,  first,  that  the  period  is  not  uni- 
form :  secondly,  that  the  rate  of  variation  is  itself  irregular, 
so  that,  while  the  period  has  been  increasing  during  the  last 
sixty  years  at  a  mean  rate  of  about  two  thousandths  of  a 
second  between  successive  minima,  the  increase  iluring  the 
current  decade  has  been  far  more  rapid  than  previtm.sly,  or 
at  the  rate  of  over  six  thousandths  of  a  second  from  mini- 
mum to  minimum  ;  thirdly,  that,  in  addition  to  this  secular 
lengthening  of  the  period,  there  is  good  evidence  of  a  pe- 
riodical   irregularity    wliuli    is    of    far    less   amplitude,    and 


which  completes  its  cycle  in  perhaps  a  few  hundred  periods. 
The  third  conclusion,  however,  is  not  certain,  and  its  estab- 
lishment must  be  left  for  future  observation. 

The  fact  of  the  lengthening  of  the  period,  while  it  is  man- 
ifest from  the  modern  observations  alone,  is  abundanllv 
confirmed  by  some  older  ones,  which  have  heretofore  es- 
caped the  attention  of  investigators.  They  furnish  a  mini- 
mum sixty-two  years,  or  nearly  eight  thousand  periods, 
anterior  to  the  discovery  of  the  star's  variability,  and  re- 
quire careful  attention,  from  their  high  importance.  They 
consist  of  four  estimates  of  magnitude  in  the  meridian  in- 
strument by  SciiwK.KO  at  Ispeyer,  in  1827-28.  as  follows  : 


1827  Dec. 

11 

r.c. 

Kstim. 

mag. 

=  8 

182.S  Mar. 

11 

L.C. 

6.7 

Mar. 

12 

L.f. 

8 

Mav 

12 

L.C. 

10 

The  last  of  these  arrejjts  notice.  Sihwkhh,  it  may  be  rt- 
marked,  was  in  geneial  an  accurate  observer  of  stellar  nuig- 
nitudes,  although  his  scale  differs  from  Akcelanhek's.  At 
6"  his  estimates  of  magnitudes  are  numerically  smaller,  and 
at  10"  greater,  than  those  of  the  DKivlimii.tteniiuj.  by  alniut 
a  half  a  unit  in  each  case.  If  we  take  the  differences  be- 
tween his  magnitudes  and  those  of  the  D.M,  for  the  st.nrs 
observed  on  these  four  nights  a  little  while  before  ami  after 
the  variable,  we  find,  after  applying  the  systematic  correc- 
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tions  for  scale,  no  discordance  greater  than  0".5,  and  an  av- 
erage difference  of  only  0'". 21,  which  is  the  effect  of  the 
combined  error  of  both  authorities.  Unless  we  are  pre- 
pared to  admit  tlie  |)rol)aliility  of  an  error  of  considerably 
more  than  two  magnitiides  in  tlie  estimate  of  1828  May  12, 
wiiieh  1  consider  to  be  out  of  tlie  question  —  it  follows  nec- 
essarily, from  the  known  character  of  the  light-curve,  that 
the  star  could  not  tlien  have  been  over  four  hours  from  a 
minimum,  and  with  a  high  degree  of  probability  was  not 
more  than  an  hour  and  a  half  therefrom.  This  degree  of 
uncertainty  does  not  .sensibly  detract  from  the  value  of  the 
observation  in  the  determination  of  tlie  pi'iiod.  I  have 
therefore  assumed  the  minimum 

p:poch  — 7636,     1828  May   12"  9"  Greenwich  M.T., 
and   its  bearing   upon  the    investigation   will   be  presently 
discussed. 

The  star  was  also  observed  by  Lai.ande  on  1790  March 
30  (Fedoresko  145),  as  8";  which  corresponds  to  7*'. 4, 
the  estimates  for  this  zone  being  systematically  faint  by  an 
average  amount  of  (>".(!.  The  variable  was  therefore  very 
probably  at  or  near  iiiaxiunnn  at  midnight  of  this  date  ;  an 
indication  which  may  prove  serviceable,  when  the  law  of 
irregularity  in  the  period  is  a  little  better  known,  in  exclud- 
ing expressions  which  might  assign  a  mininuira  near  this 
epoch.     It  cannot  now  be  utilized. 

Further  it  may  be  said  that,  as  neither  of  Caukington's 
three  observations,  on  1855  Dec.  19,  21  and  30,  falls  on  a 
date  when  a  minimum  could  have  occurred,  they  have  uo 
significance  in  this  connection. 

In  the  following  investigation  only  those  observations 
have  been  used  of  which  sufficient  details  are  in  hand  to 
assure  their  reference  to  a  common  zero-point.  More  is 
lost  than  gained  by  including  data  which  cannot  be  homo- 
geneously reduced  ;  the  danger  of  obscuring  the  actual  phe- 
nomena being  greater  than  the  barren  advantage  of  fullness 
of  material.  The  reasons  for  this  course  will  be  found  in 
the  remarks  on  page  166,  Vol.  VII,  of  this  Journal,  a  ref- 
erence to  which  saves  repetition  here.  The  principle  in 
question  has  indeed  more  force  in  the  present  case,  on  ac- 
count of  peculiar  circumstances  which  tend  to  introduce 
subjective  errors  in  the  light-curves,  and  perhaps  in  the 
times  of  minima  deduced  from  the  two  series  —  alternating 
in  the  spring  and  autumn  months,  in  reversed  positions  of 
this  circumpolar  star.  This  subject  will  receive  particular 
notice  later  in  the  article. 

F'  >rtunatel3'  Wilsing  has  given  the  individual  magnitudes 
for  his  fine  series  of  observations.  My  own  series  has  been 
reduced  by  a  light-scale  practically  identical  with  his.  Mr. 
Yendell  has  kindly  furnished  "me  with  the  details  of  two 
minima  determined  by  him  in  1888  and  1889  ;  and  for  one 
of  Schmidt's  minima  we  have  (A.N.  98,283)  means  for  a 
reduction  uniform  with  the  others.  Moreover  we  can  intro- 
duce with  entire  safety  (correcting  an  error  of  one  hour  in 
all  the  published  limes)  five  minima  observed  at  the  Har- 


vard College  Observatory  in  ix.sl  ;  a  comparison  of  the 
light-curve,  there  deduced  with  Wii.sisg's  antl  my  own,  show- 
ing the  instant  of  minimum  to  be  sensibly  coincident  in 
all  three.  On  these  four  series,  therefore,  together  with 
ScHWKKii's  minimum  of  1828,  I  have  based  tlie  elements 
here  derived.  The  only  remaining  data  that  1  know  of,  are 
those  of  Sf'HMiDT  (with  the  above  exception),  Knott,  the 
Baxenuells  (four  by  the  father,  one  by  the  son),  and  an 
incomplete  one  by  Glasenapi-.  These  can  be  employed 
when  we  have  the  original  observations,  or  a  sufficient 
guide  to  the  manner  of  arriving  at  the  published  times  of 
minima.  AVe  possess  indeed  some  hints  on  this  point  in  the 
case  of  Scii.MiDT,  although  not  enough  for  safe  use  of  his 
results  as  a  whole. 

My  own  observations  have  been  leduci-d  with  the  follow- 
ing light-scale  : 


Mas. 

k 

32 

ti.(;4 

P 

10 

7.90 

e. 

18.5 

7.'.l.> 

f 

18 

8.00 

!/ 

12 

8.57 

1, 

Majr. 

12 

.S.57 

11 

.s.f.7 

8 

8.97 

1 

n.;i5 

3 

9.45 

The  jilaces  of  the  comparison-stars  will  lie  found  on  page 
188  of  Vol.  VII.  The  relation  between  L  and  M  is  defined 
by  the  expression  M  =  9^.45  ±  0".097  (3 — L).  P'rom  a 
plotting  of  the  observations  on  each  evening,  the  times  were 
read  off  at  which  the  variable  attained  the  magnitudes  8.0, 
8.3,  8.6  and  8.9,  dining  decrease  and  increase.  To  the 
mean  of  these  times,  for  each  point,  was  applied  the  cor- 
rection (see  p.  53)  to  reduce  to  the  true  minimum,  as  after- 
wards determined  in  the  discussion  of  the  light-curves.  The 
mean  of  the  results,  without  weights  for  the  proportional 
velocity  of  the  light-variations,  was  taken  as  the  time  of 
minimum.     An  example  will  make  this  process  clear. 


1SS7 

Nov.  i;,  Camb. 

M.T. 

Mas. 

Before 

After 

Corr. 

Minimum 

8.0 

7"5l'"0 

12''54'.''o 

o'.'b 

lo'  22'.'5 

8.3 

8  33.0 

12  41.0 

— 7.5 

29.0 

8.6 

8  54.4 

12  21.0 

— 5 . 7 

32.0 

8.9 

9   20.4          11   42.0 
[.T.  of  minimum,          188 

+  0.3 
7  Nov.  6, 

10  31.5 

nb.  ]\ 

10  28.9 

The  results,  reduced  to  the  Greenwich  meridian,  are  given 
in  the  following  table  of  minima. 

The  minima  by  the  other  observers  were  treated  in  a  pre- 
cisely similar  way  ;  applying  in  the  case  of  Wilsing,  how- 
ever, the  corrections  to  the  middle  times  resulting  from  his 
light-curves  (p.  53).  A  comparison  of  these  times  with 
those  given  by  him  indicating  that  no  certainly  appreciable 
svstematic  difference  existed  (the  mean  differences  being  only 
— 0"'.36  and  — 0"'.31,  respectively,  for  the  November  and 
March  minima),  I  adopted  his  times  unchanged,  excluding 
dates  where  all  the  observations  were  on  one  side  of  mini- 
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imiin.     .Sut'li  incoiiipleto  niiniiiia  it  does  not  seem  tu  me  safe 
to  use  for  this  purpose. 

In  the  table  below  are  placed  all  tlie  minima,  as  tiius  de- 
termined, with  their  deviations  from  the  elements  of  my 
catalogue,  in  column  I,  of  (O — C).     These  elements  appear 


to  represent  the  observations  since  1880  as  well  as  any  as- 
sumiitiou  of  a  uniform  i»eriod  will  do.  But  they  are  in- 
compatible with  S<;hweku's  minimum,  and  reveal  besides 
systematic  variations  in  the  others,  indicating  an  increase  of 
period. 


Tahle  of  Minima. 


Epoch 

Observed  Muiimum 

Red  to 

(0-C) 

Obsen-er 

Greeiuvich  M.T. 

0 

I 

II 

III 

/' 

—7636 

1828  May  12     9"    o' 

III 

+  1005'."0 

—  o'."9 

III 

Schwerd 

+     43 

1880  Oct.     8  12  32.7 

+  2.1 

+   9.8 

+  12.6 

+  4.0 

3 

Schmidt 

92 

1881  Feb.     7   16     2.7 

+  1.4 

+   1.4 

+   5.0 

—1.4 

3 

H.C.  0. 

96 

Feb.  17  15  21.7 

+  1.8 

+    1.8 

+   5.4 

—0.7 

3 

■' 

98 

Feb.  22   15     1.7 

+  0.4 

+   0.8 

+   4.4 

—  1.6 

3 

110 

:Mar.  24  13     0.9 

—  1.5 

+   1.2 

+   5.0 

—0.5 

3 

'■ 

lU 

Apr.    3  12  20.3 

—2.0 

+    1.0 

+   4.9 

—0.4 

3 

" 

205 

Nov.  16     8  37.8 

+  3.5 

—  3.2 

+    1.9 

—0.7 

2 

Wilsing 

209 

Nov.  26     8     2.1 

+  3.7 

+   2.3 

+   7.4 

+  6.0 

2 

•• 

252 

1882  Mar.  13  12  43.2 

—0.8 

—  0.3 

+   5.2 

+  5.4 

1 

254 

Mar.  18  12  18.8 

—1.1 

—  4.5 

+    1.0 

+  1.3 

4 

256 

Mar.  23   11   56.7 

—1.4 

—  6.4 

—  0.8 

—0.5 

3 

321 

Sept.    1    12  44.9 

—0.1 

—10.7 

—  4.5 

—2.2 

2 

'• 

327 

Sept.  16  11   37.5 

+  0.8 

—15.7 

—  9.5 

—7.0 

2 

'• 

400 

1883  Mar.  17  11    12.7 

—1.0 

—  14.1 

—  7.4 

—3.1 

2 

463 

Aug.  21   12  25.7 

—0.8 

—15.1 

—  8.1 

—2.5 

2 

" 

465 

Aug.  26   12     7.0 

—0.5 

—13.0 

—  6.0 

—0.4 

2 

" 

467 

Aug.  31    11  43.1 

—0.2 

—16.1 

—  9.1 

—3.4 

2 

" 

471 

Sept.  10  11     8.1 

+  0.5 

—  9.4 

—  2.4 

+  3.4 

2 

'• 

546 

1884  Mar.  15  10   17.7 

—0.9 

—12.4 

—  5.2 

+  1.6 

4 

1 

554 

Apr.     4     «  57.2 

—2.1 

—12.2 

—  5.0 

+  1.9 

1 

1078 

1887  Nov.     1    15  33.3 

+3.1 

+   0.1 

+   3.6 

+  5.1 

2 

Chandler 

1080 

Nov.    6  15   13.4 

+  3.3 

+   0.9 

+   4.4 

+  5.8 

4 

•  ' 

1084 

Nov.  16  14  30.9 

+3.5 

—  0.4 

+  S.l 

+  4.5 

1 

1086 

Nov.  21    14     4.7 

+  3.6 

—  5.9 

—  2.5 

—1.4 

2 

'• 

1090 

Dec.     1   13  25.7 

+  3.7 

—  3.8 

—  0.5 

+  0.7 

4 

ii  ' 

1092 

Dec.     6  13     3.5 

+3.7 

—  5.5 

—  2.2 

-1.0 

3 

'» 

1096 

Dec.  16   12  25.0 

+  3.6 

—  3.2 

+   0.1 

+  1.0 

4 

'« 

1133 

1888  Mar.  17  18     7.5 

—  1.0 

—    6.0 

—  3.3 

—3.7 

2 

•                a 

1141 

Apr.     C   16     7.1 

2.2 

—  5.6 

—  3.0 

—3.7 

4 

" 

1 1 45 

Apr.  10   16   10.3 

— 2.7 

—   1.9 

+   0.6 

—0.2 

4 

1216 

Oct.    11)   15  58.8 

+  2.2 

—  0.7 

+   0.5 

—3.0 

4 

Yendell 

1299 

1889  Mav     5  13  58.2 

—3.4 

+   3.8 

+   3.3 

—4.0 

1 

" 

Formii 

g  live  norma 

epochs 

we  h 

we  : 

/' 

Miiiiniii 
iiicliiik'd 

Mean 
Epoch 

I 

II 

I          0.5 

—7636 

+  1005.0 

—0.9 

II       IS 

43-   114 

+      92 

+ 

2.67 

+  6.25 

III     11; 

•-'(».">-  ;527 

260 

— 

5.76 

—0.12 

I\'     15 

400-  554 

485 

.— 

1:3.15 

—6.09 

\'     •:,:, 

1()7.S-1294 

+  1125 

— 

2.68 

+  0.12 

—0.10 
+  0.29 
—0.11 
+  0.04 


From  these  we  get  values  of  the  period  corresponding  to 
tiie  middle  of  tlie  respective  intervals,  as  follows  ; 


I  -   II 

II  III 
III-I\' 
IV  -  \' 


MUUIIc  Kp< 
—3772 
+    176 
+   372. 
+   805 


IVrioil 
■i    11'  49"37'.7:i 
•-'    II    49  41.99 
2   11    49  43.03 
2  11   49  45.97 


The  evidence  of  a  progression  in  these  values  is  distinct. 
the  differences  being  many  times  greater  then  the  prol>able 
uncertainties.  A  lengthening  of  the  period  may  be  reg.irded 
as  demonstrated  ;  and  it  is  eipially  clear  that  the  rate  of  in- 
crease is  not  uniform.  From  all  the  normals  we  liud  the 
elements, 

(«")    1880  Juno  23''   7''  43'". 65  (Greenw.) 

+  2'»,11''  49"'  43'.95  £  +  0'.00090  E"- 
But,  omitting  SciiwKiti>'s   inininiuin,  the   last   four  normals 
alone  give. 

(h)    l.s.sO  ,Inne  23''   7''  54'". 65  (Greenw.) 

+  2''   11"  49""  40'.70  E+  0'.00327  r- 
Thus  during  the  last  ten- years  the  rate  of  inere.ise  has  been 
nearly  fotir  times  as  great   as   for  the  whole  int*>rval   from 
1828  ;  that  is  0'.0065  from  iniuiinuni  to  minimum  by  elements 
(6),  against  0'.0018  by  ((0-     lu  the  columns  II  and  III,  of 
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(O — C),  are  given  the  tlevialioiis  I'loiii  elements  (a)  and  (h), 
respectively. 

it  is  iniinifcst  that  a  representation  of  the  whole  series  of 
observations  would  recpiire  an  inconvenient  number  of  terms 
depending  on  powers  of  the  epoch.  It  is  probable  that  the 
observed  variation  from  nniformity  of  period  is  only  a  partial 
development  of  a  very  long  inecpiality,  whose  coetlicients 
cMMiidl  lie  assigned  now  with  any  certainty,  but  whose  dura- 
tion iiHisl  be  at  least  twenty  thousand  periods  of  the  star. 
A  further  scrutiny  of  the  residuals  raises  a  suspicion  that 
there  is  also  a  small  inequality  completing  its  coarse  in  a 
few  hundreils  of  periods.  This  cannot  be  confidently  as- 
serted, however,  until  assiduous  observation  of  the  star  for 
several  vears  shall  have  removed  a  doubt  whether  it  may 
not  be  due  simply  to  some  form  of  systematic  subjective 
error.  Nevertheless,  the  first  explanation  appears  more 
probable,  and  receives  support  from  the  fact  that  analogous 
terms  exist  pretty  certainly  in  the  case  of  Ahjul  (A.. I..  VII. 
pp.  170,  2.) 

We  come  now  to  the  discussion  of  the  light-curve.  All 
my  observations,  214  in  number,  were  assembled  in  the 
usual  manner,  keeping  the  comparisons  in  March  and  April 
separate  from  those  in  November  and  December,  in  order 
to  in(iuire  into  the  peculiarities  which  Knotf  and  Wilsing 
have  noticed  in  their  results.  The  magnitude  at  maximum 
appears  to  be  7 ".21,  from  a  few  observations  taken  from  ten 
to  twenty  hours  away  from  minimum.  The  magnitude  at 
minimum,  for  the  ten  determiiiations  of  it,  is  : 


ISSS  Mar. 

17 

i».2'.l 

1.S.S7 

Nov.     1 

:».22 

'Apr 

(5 

'.).22 

Nov.    6 

:m2 

Apr. 

16 

!).2!l 

Nov.  1(5 
Nov.  21 
Dec.     1 
Dec.    t; 
Dec.  1 1! 

ii.i.") 
:i.lM 

!).1S) 
9.1.") 

:\le:iu 

;).27 

."Mean 

9.17 

The  means  of  the  magnitudes  within  an  hour  of  minimum, 
from  my  light-table  hereafter  given,  give  9.27  and  9.14, 
respectively,  for  the  spring  and  autumn  periods,  agreeing 
substantially  with  the  above  values.  While  there  thus  ap- 
pears to  be  some  indication  of  systematic  difference,  it  is  by 
no  means  so  striking  as  in  the  case  of  Knott  and  Wii.sixo, 
as  the  following  comparison  shows  : 
ChanilUr 
In  the  Spring  mouths  9.27 

In  the  A.utumn  months  9.17 

Difference  ^O.io' 

Nor  do  I  think,  as  those  gentlemen  seem  to  do.  it  can  be 
reasonably  attributed  to  a  real  difference  in  the  behavior  of 
the  star,  but  far  more  naturally  to  a  sul)jective  effect  of  the 
reversal  of  the  position  of  the  variable,  with  reference  to  its 
comparison-stars    at   the    two   epochs.     This   physiological 


Knoll 

Wilsiii 

9.4;> 

9.20 

9.18 

8.76 

0.2.T 

0.44 

source  of  error  has  been  a  matter  of  common  knowledge, 
time  out  of  mind,  and  it  is  not  l)ecau8e  I  have  neglected  the 
customary  and  obvious  precautions  taken  by  experienced 
observers,  to  eliminate  it  as  nuich  as  possible  from  the  re- 
sults of  tlie  observations,  that  a  trace  of  it  still  remains  in 
this  case;  but  because  the  etTective  applicati( f  llu-se  pre- 
cautions is  dilllcult  in  stars  near  the  pole. 

The  form  of  the  light-curve  by  my  observations  is  shown 
in  the  column  C  of  the  following  table.  For  comparison, 
the  values  obtained  by  Wilsing,  whose  scale  is  practically 
identical,  are  given  under  W:  and  also  those  of  the  Har- 
vard College  observations,  reduced  to  this  scale  by  the  re- 
lation /f  =  10.27  —  0.8333  h,  where  /(  represents  the  pub- 
lished, magnitudes  on  the  scale  there  used.  It  should  l)e 
remarked  that  my  spring  curve  rests  on  only  Hi  ob.serva- 
tions,  and  is  therefore  much  less  certain  than  the  autunni 
one,  based  on  159  observations  ;  and  also  that,  as  the  series 
was  primarily  undertaken  merely  to  get  times  of  minima, 
very  few  comparisons  were  made  more  than  three  hours 
away  from  that  point :  consequently  tiie  beginning  and  end- 
ing of  the  star's  whole  variation  arc  not  delined. 


c. 

IMI'AIIAIIVK     1. 

.;ht-'1 

AIU.K. 

Phue  from 

Spriiii;' 

.\utMiiin 

iiiinimuiii 

i>       111 
—4      U 

(■ 

W 

U 

7!' 19 

c 

7'.'4C. 

W 

3  .'.0 

- 

- 

- 

7..")0 

- 

3   40 

7..')9 

- 

- 

7..")  .5 

- 

3   ;!() 

7.G6 

- 

7.61 

7.(;i 

- 

:!  :;0 

7.7.". 

- 

- 

7.67 

- 

3   10 

7.79 

- 

- 

7.73 

- 

:'.     0 

7.8(; 

- 

7.78 

7.80 

- 

2  .in 

7.93 

_ 

- 

7.87 

7.70 

2    111 

s.OO 

- 

- 

7.9."i 

7.77 

2  :!<> 

s.os 

- 

S.0(! 

s.OO 

7..S(! 

2  20 

.S.IS 

.s.oc, 

- 

8.07 

7.9.') 

2   111 

S.29 

.s.2(; 

- 

.S.13 

8.04 

2     11 

s.i:! 

8.47 

S..')0 

S.21 

8.13 

1    .■)0 

S..57 

8.(50 

- 

8.30 

8.22 

1    1(1 

.S.7;) 

8.81 

- 

8.41 

8.32 

1    .•'.() 

.s.',i3 

.S.!!.") 

.S.8.-) 

8.r)7 

8.43 

1    20 

9.07 

9.07 

- 

8.82 

8..56 

1    1(1 

9.20 

;MCi 

- 

'.I.Ul 

8.70 

1      II 

9 . 2  7 

9.19 

9.21 

9.11 

.S.79 

0    .")ll 

9.29 

9.20 

~ 

9.1J 

8.80 

0   40 

9.28 

9.20 

- 

9.21 

8.80 

0  30 

9.27 

9.20 

!).24 

9.20 

8.80 

0  20 

9.27 

9.20 

- 

9.18 

8.80 

— 0   10 

9.27 

9.20 

- 

9.17 

8.80 

0     0 

9.27 

9.20 

9.24 

9.16 

8.80 

4-0   10 

9.2i; 

9.211 

- 

9.1.-) 

8.80 

0   20 

',i.2i; 

9.20 

- 

9.13 

8.80 

0  30 

9.2(5 

9.20 

9.24 

9.12 

8.80 

-1-0   -10 

9.27 

'.1.20 

- 

'.1.10 

8.80 

N"  1<)9. 
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Time  from 

SpriiiK 

.Aiitiiiun 

iniiiiiiiiim 

V, 

W 

H 

C 

vv 

+  0  50 

9.27 

9 '.20 

- 

9".07 

K.78 

1      (1 

9.25 

9.20 

9.22 

9.04 

8.78 

1    10 

9.21 

9.17 

- 

8.99 

8.71 

1    20 

9.10 

9.08 

- 

8.86 

S.63 

1    oO 

8.85 

8.93 

8.88 

8.72 

8..55 

1     10 

8.60 

8.74 

- 

8.60 

8.47 

1    .",0 

>s.:!9 

«.r)6- 

- 

8.47 

8.39 

•>     0 

X.23 

.S.34 

8.39 

8.36 

8.31 

•2    10 

8.10 

8.13 

- 

8.24 

8.22 

2   20 

7.97 

7.;m 

- 

8.12 

8.13 

2  ;?o 

7.«8 

- 

7.97 

.S.OO 

8.04 

2  40 

7.79 

- 

- 

7:89 

- 

2   oO 

- 

- 

7.H6 

7.79 

- 

3     0 

_ 

- 

7.66 

7.70 

- 

+  :5  30 

_ 

- 

7.48 

7.42 

- 

Tlif  siilient  feiitiire  of  tliis  table  is  the  satisfaptory  accord 
of  till'  three  curves  for  the  spring  montiis  ;  tiie  sligiit  differ- 
ences at  mininnini  being,  quite  likely,  due  to  imperfect  re- 
duction to  a  uniform  scale.  Tlie  general  rales  of  increase 
are  alike  in  all,  and  the  same  is  true  for  tiie  decrease.  All 
agree,  too,  in  a  more  rapid  rate  of  increase  than  of  decrease. 
It  will  be  lecollected  that  Schmidt  arrived  at  a  simitar  re- 
sult fiom  a  portion  of  his  observations.  Notwithstanding 
tliis  unanimity,  I  am  far  from  feeling  sure  that  the  fact  is 
so.  Tile  two  autumn  curves  contradict  it ;  and,  as  tlie  case 
stands,  we  iiavc  no  reason  to  prefer  one  to  the  other.  The 
contradiction  probably  originates  in  the  same  way  as  tiie 
<lifference  in  the  minimum  magnitudes,  already  treated  of. 
During  the  time  required  l)y  tlic  star  to  complete  its  changes, 
its  parallactic  angle  alters  by  about  120°.  The  group  of 
comparison-stars  used  when  it  is  above  its  mean  brightness 
is  in  an  opjiosite  direction,  as  regards  the  variable,  from  the 
groiij)  u.sed  in  its  fainter  stages.  In  .^larch  anil  April  this 
brighter  group  is,  at  the  beginning  of  a  night's  work,  below 
and  at  the  end.  horizontally  to  the  right  of  the  variable,  in 
an  inverting  telescope.  In  November  :iiiil  Di'ceniber  it  is 
above  at  the  beginning,  and  Iiori7,oiit:illy  tn  the  left  at  the 
end.  For  the  fainter  group  all  these  conililions  are  re- 
versed. It  is  easv  to  see  that  this  state  i>f  things  may  et^'ect 
the  apparent  rates  of  change  downward  and  upward  difl'er- 
ontly  ;  and  we  must  be  cautious  in  inferences  as  to  the 
actual  nature  of  the  vtiriations  until   \\\\<  doubt    is   removed. 

Cumhridije,  lH,s:i  ./uh/   is. 


To  the  solution  of  this  ipiestioD,  observation  must  in  future 
be  especially  addressed.  As  soon  as  practicable,  later  in 
the  year,  it  is  proposed  to  make  independent  comparisons 
with  erecting  and  inverting  eyepieces,  and  with  a  reversing 
prism,  on  the  same  telescope.  This  ought  to  determine 
whether  the  phenomenon  is  merely  subjective,  and  serve  to 
eliminate  the  error. 

Another  important  matter  is  the  form  of  the  light-curve 
near  niinimum.  My  observations  do  not  make  this  entirely 
Hat,  but  place  its  lowest  point  at  the  end  of  the  period  of 
rapid  decrease,  three-quarters  of  an  hour  before  the  middle 
of  the  nearly  stationary  interval  at  minimum  ;  a  similar  pe- 
culiarity to  that  of  6'  Cancri.  according  to  Schoskei.h's 
curve.  This  may  be  subjective,  but  it  is  not  proper  to  as- 
sume it  to  be  so,  nor  to  treat  the  observations  so  that  it 
escapes  attention.  I  suspect  that  the  combination  of  the 
Harvard  College  observations  in  half-hourly  groups,  while 
it  has  certainly  helped  to  diminish  the  discordance  of  the 
mean  values,  and  gives  au  apparently  smoother  curve,  may 
have  overslaughed  a  feature  of  this  sort. 

In  conclusion  1  give  the  corrections  employed  on  page  .50 
in  getting  the  times  of  minima  for  my  own  and  Wii.siNoV 
observations.  They  were  found  by  taking  the  half-differ- 
ences, with  the  opposite  sign,  of  the  times,  by  the  above 
light-table,  when  the  star  was  at  the  four  points  of  bright- 
ness indicated.  Similar  values  are  .added  for  the  curve  H. 
to  show  that  the  minimum-point  by  all  three  authorities,  lies 
in  the  same  direction,  and  by  nearly  the  same  amount,  from 
the  middle  times. 


Ma-. 


spniii; 


I-  \V            H 

.s.O        -l-ll'.'u  -l-3".'3  -|-2"2 

.S.3         -t-    6.9  +3.0  -(-3.2 

S.C.         +    3.9  +2.5  +4.5 

.S.9         +    1.3  +0.5  +3.7 


.Vntninii 
(•  W 

0.0  — 10.0 

—  7.5  —  9.5 

— 5.7  —  3. .3 
+  0.3 


Mean 


+  5.8    +2.4    +3.4         —3.2    — 


In  a  subsciiuent  number  will  be  printed  an  ephemcris 
based  on  the  elements  heretofore  given.  construct<'d  on  the 
same  plan  .is  those  for  Al{iol  and  U  Ojiliimlii  (Vol.  VII.  pp. 
1.39,  182.)  It  is  hoped  that  observers  will  be  stimulated  t»> 
share  in  the  solution  of  the  interesting  problems  which  the 
observation  of  this  star  presents. 


ON    I'lii':  I'oia  i;   ro  .^^^    roiNi'  in 

\\\  s.  itii;  \\  \.M  \ 
Tlie  ciuesliou  lirst  piopciseil  by  .M  .  I '.Kit  lU  am-  In  mn  IoUows  :       IIm.i    in  the  .l.-7c.  Joii 
•'  Knowing  that  a  material   point    under  the  arlioii  of  a  cen- 
tral force  always  describes  a  conic,  it  is  nquinil   to  liiid  the 
expression  of  that  force."     The  subject  is  very  inteiesting  in 
connection  with  double-star  in-oblem,  as  was  shown  by  Prof. 


tilt 


\     (ONIC. 


(/,  \'ol.  VIII.  N...  9.      .M.  DvKiioiN 
polar  coordinates  in  the  solution  of  the  problem. 


Mr.  (Jlaisiikk  solved  the  problem  geometrically,  while  M. 
H.M.PHKX  anil  Zkssi.ash  took  the  general  differential  of  conies. 
The  results  at    which   thev   have  arrived    are  all   the  same. 
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namely,  that  there  ure  twu  general  expressions  for  the  cen- 
tral force.  Tiie  most  general  way  of  treating  the  problem 
will  be  the  last  method,  and  it  is  also  liiis  inetliod  that  I 
now  describe.  Tlie  result  at  whicli  I  have  arrived  is  not 
new. 

Calling  R,  the  central  force  acting  in  the  line  jr>ining  two 
bodies,  we  have  for  the  e(iuation  of  the  motion 


^  +  ie^  =  o 

iW  r 


(If-  r 


(1) 

whose  first  integral  is 

(2)  .)•  ^ll  —!l;if    =   "  (='  ••"ii«t:"'t) 

We  are  to  fmd  A'  so  that  (1)  shall  satisfy  the  general 
differential  equation  of  conies.  Let  the  general  eciuation 
of  the  conic  be 

(3)  ('.(•-  +  •llixy  +  by-  +  iyx  +  ihy  +  <•  =  0 

we  have  the  following  well  known  differential  equation,  given 
first  by  Monge. 
'Oi-y\-<V'y 

,,?.,■■-■;  </..-•■ 

15ul  we  may  write  this  in  the  following  simple  form  : 

dar'  j  \dx- 

If  we  develop  (5)  then  we  can  get  (4).  or  we  may  prove 
it  thus :  — 
From  (3) 

by  =  —{h.v+f)   ±   [(Ir—ab)o--  +  -2(hf—bci)x+  (J"—bc)y'- 


(4)      9 

1 
(5) 


dx-  dx  dx^  \dx'J 


=  0 


Operate  on  Ijotli  sides  by 


dx 


dx-  dx-  '  ' 


then  we  get  the  form, 
AC—E' 


That  is 


{A3f-i-2Bx-{-Cy/' 


Hence  we  get  (5) 


d!> 


fdji 
dx'  {  \dx'J       \ 
Similarly  solving  (3)  as  to  y,  we  can  get 
d^    (  /'d-x 
(6) 


Now 


(III 
(It 
dx 
Ht 


df 

d'-y 
dl~  ' 


dy-. 

dPydx 
(It-  dt 


=  0 


d-x  dij 
d?  dt 


[diJ 


Substitutiuo  here 


(1)  and  (2)  we  get 

d-.v  _  HR  fdx\-~ 
di?~  ^^  [dFJ 
Tokyo  Observatory,  Japan,  1889  Jtinc  13. 


\dt) 


rP    I  fBR\- 
Hence  (5)  becomes  —  j  (  ~r") 

Put  for  a  moment 

'  "  W    '        '"  tins  becomes  ^  j  (^^^ 
Call  the  solution  of  this  differential  equation  by  /'.  which 
contains  x  in  no  higher  power  than  two,  then 


=  0 


=  0 


ld._ 

z  dt  ^ 


1    dy 


=  VQ 


(7) 
(«) 


Siniihivlv  from  (6) 

z     lit 

where  Q  is  known  to  contain  ;/  in  no  iiigher  power  than  two. 
From  the  last  two,  we  get 

//  ,  fJIR\" 


so  that 


R  — 


{x^Q-y>s/PY 
Also  from   (7)   and   (8)     s^Qdj-^^^Pdy  =  0 
much  must  satisfy  the  equation 

{a.r->rhy-]-<j)d.r  +  {li.r  +  by-\-f)  dy  =  0 
dy         VQ  ax->rhy  +  f, 

"^"^■^  7h:  =  VP   " 

Also  from  this. 


x\/Q  —  y\/F 


hx-hby-hf 
-  (  aar  +  2hxy + by- + gx  -\-fy )  _ 


(9) 


(10) 


Hence 
R  = 


~  hx-\-by-\-f 

-^H-r       {hx-^by+fY__        —H-r 


+ 


(fX-i-hy-^-c 


hx-\-by-\-f 

(11) 
(ax+ln,-\-gy 


{gx+fy+cf         P''-'  (gx+fy+cf  Q'" 

Now  as  the  particular  solution  of  (10)  we  have 

VQ  =  —;.(£«•  +  %  +  (/),        V-P  =  l{hx  +  hy-^f) 
where  I  =  a  certain  constant. 

Hence  we  have  for  the  expression  of  R 

R   =  '■^'^- 

(gx+fy-¥cy 
Also  from  the  general  equation  of  the  conies  we  have 
{gx+fy+cY  =   \  {g'—ac)x-  -\--2(fg—lic)xy  +  {P—bc)jr 
Thus  we  get  two  general  expressions  for  the  central  force 
R.     Of  course  the  value  of  R  depends  on  the  solutions  of 
the  differential  equation      \^Qdx  —  s/Pdy  =  0  ;      in  fact, 
}.  may  be  a  variable,  but  so  far  as  I  can  see  now  there  is 
only  one  solution  of  ).,  that  is  a  constant,  the  differential 
equation  being  identified  with 

{ax-\-Jiy  +  ri)dx  +  {lix-\-by+f)dy  =  0 


FI-LAR-MICKOMETER   OBSERYATIOXS  OF   COMET  d  1889  {BROOKS,  .My  6). 

MADE   WITH    THE    12-INCH   EQU.\TORIAL   OF   THE   LICK    OUSKUVATORY, 

By  E.  E.  BARNARD. 


1889  Mt.  Hamilton  M.T. 

* 

No. 
Conip. 

* 

z/8 

^'s  apparent 
a                          8 

log  pA 

for  a      1       for  A 

July  8  14  50  23 

9   13  58  13 

10  14  37  54 

1 
1 
1 

8  ,  6 

14  ,  6 

8  ,  6 

+  3  21^48 
+  4  20.13 
+  5  21.45 

—10  18''9 
—  4  31.9 
+    1   29.6 

23  46  26.03      —8  55  57.1 
23  47  24.72      —8  50     9.9 
23  48  26.06      —8  44     8.2 

«9.321 
H9.474 
n9.342 

0.797 
0.758 
0.792 

N"-  199. 
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Mean  Places  for  1889.0  of  Comparison- Stars. 


1                                  1      Red.  to 
^1                "•              1   app.  place 

s 

lied,  to 
app.  place 

Authority 

1 

C+l.'04") 

23  43  3.51        ]  +1.08  - 

(+1.10) 

o           1           II 

—8  45  47.5 

(  +9''3  -) 
]    +9.5  [ 
(.  +9-7  3 

Weisse's  Bessel  23'  847 

A   very   small  stellar  nucleus  of-  12".     Tail   lo'  Imi';.     Comet's 
equivalent  brialituess  =  11"  -  12". 


.July  '.).     I'osition-angle  of  tail  =  24.j°.     One  observation. 


FILAK-:MICR0METER   OBSERVATIOIN^S   of   comet  c  1889  (BARXARD,  June  23), 

MA1>I'.    Willi   THK    12-I.\CII    Kljl-ATORIAI-   OF   TIIK   I-ICK    OllSKRV.\TORT, 

By  E.  E.   B.\RN.\K1). 


* 

No. 

#- 

-  * 

^'s  apparent 

log  PA          ' 

1889  Mt.  Hamilton  M.T. 

Comp. 

Ja 

z/8 

a 

8 

for  a 

ford 

July    3 

14     4  28 

9 

16  ,  6 

+2"  7.'34 

1     II 
+0    1.4 

2     7  53.16 

+43  49  51.6 

n9.803 

0.450   ; 

4 

13  57  27 

10 

14  ,  7 

—1    12.02 

+2    8.5 

2   12  32.5G 

+  44   13  .53.0 

n9.S16 

0.562 

i) 

13  53  28 

11 

12  ,  8 

-2     3.22 

+  1    9.6 

2   17   11.95 

+  44  36  48.5 

n9.814 

0.497   '■ 

7 

14  33  25 

12 

18  ,  8 

—0  57.81 

—5    8.4 

2  26  37.70 

+  45  20  37.0 

n9.803 

0.348 

9 

15  15  49 

13 

10  ,  8 

'  —0  54.79 

—6  55.0 

2  .T)  :)7.6 

+  45  59.8 

n9.775 

0.155   ; 

10 

15   19  39 

14 

3 

- 

—1     8.7 

- 

+  46   18  28.6 

- 

0.061 

15  28  32 

14 

10 

—0     2.95 

- 

2  40  35.59 

- 

»t9.764 

- 

Mean  Places  for  1889.0  of  Comjmrison- Stars. 


* 

Ked.  to  ■ 

8 

Red.  to 

Authority 

app.  place 

app.  place 

9 

2     5  45.66 

+  o!l6 

+  43  49  59.3 

—  9.1 

AA''ei9se's  Bessel  II,  52 

10 

2  13  44.45 

+  0.13 

+  44   11   53.5 

—  9.0 

Coinp:ired  with  I"249 

11 

2   19   15.05 

+  0.12 

+  44  35  49.0 

—10.1 

Lalaiule  44o.s 

12* 

2  27  35.37 

+  0.14 

+  45  25  55.5 

—10.1 

Couiparetl  with  Oe.  Xvs..  2912 

13 

2  36  52.2 

+  0.16 

+  46     6.9 

—10.2 

UM.  +45°('.5G 

14 

2  40  38.38 

+  0.16 

+46   19  47.5 

—10.2 

Comp.  with  Bouu  Beobb.  +46°622 

.iiii)  n 

lor  a  ivw 


♦Tills  Is  Oe.  Arg.  2ilO.S.    The  catalogue  R.A.  Is  In  error  by  one  tlirCBil-lntcrval  =  — 13.«5S. 
( )l)servations  very  dillicult,  but  good.     Comet  seen  only    i  scrvation  of  the  comet  that  can  bo  niado  until  the  moon  withdraw- 
liniites  l)etween  moonsetand  dawn.     This  is  the  last  ob-    |  if  it  can  then  be  observed. 


No.  5  — W.B.  I,  11S2 
10  — ^2-19 


.  Comp.         Ju 
C,.;",     _i"'.t7"87     — o'  51.1 
6.3     —0  48.28     +6  25.9 


Stdi-nijf'i  fences. 

J,\  Stars 


No.  Comp.  J«  J^ 

No.  12  — Oe.  Arg.  2912  8.2     — o'so'.SS     —0  54.4 

14_Bonu  Bi'ohli.  46'(;22      <>.2     +. J  28.77     —2  36.9 


OBSERVATIONS  OF   COMET  e  1888, 

MADi;  A'r  Tiir.  I'.s.   nav.m.  oiisickvatouy  with  Tiir.  ii.ii-iNCii   kijiatouia 
Hv  I'ltoK.  E.   FKISHV. 
[Comniiinicated  by  the  Superintoiideiit. j 


1889  Washington  M.T. 

* 

No. 
Comp. 

—  j|c                                         o^'s  apparent 

1.      -48         1           a          1            8 

1          logPA 

for  a      1     tori 

Obs. 

Julv  5   11   50  21.9 
6    12    16  32.8 
6   12   16  32.8 
8   13  21   15.0 

1 
2 

1 
3 

20  ,  4 
20  ,  4 
20  ,  4 
11  ,  3 

— d"24'.96 
—  1   28.69 
—3  55.99 
+0  11.18 

—  4'  22*0  1  21"  28'"  0*40  '    +0°48'57!'2 

—  4     4..i      21    24   29.60       +0  41    22.9 
—12   12.6     21   24  29.39       +0  41      IJ.7 

—  8  30.4     21   17  17.56      +0  24  53.5 

!  «9.471 

1  n9.382 
n8.967 

0.736 

0.737 
0.739 

F 

F 
F 
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Till-;    A  s  r  K(tN().M  It  A  I.    .101  i;.\AI, 


N"   I'J'.i. 


Mean  Places  for  1880.0  of  Coriipariaon- Stars. 
B 


21  28  23.74 


")6.6r) 
4.G6 


Ued. to 
app.  place 


lied,  to 
app.  place. 


f +1.621 

1  +1.64|| 

+  1 .64 

+  1.72 


+  0  53  13.1 


+  (i    1.- 
+  t)  X 


■>o:.i 

17.2 


I    +6.2   \\   "^ 


+  6.1 

+  6 

+  (■ 
+  G 


Laii l+ll.t'.Z.  UOandl  II  ) 


',(Laiiioiit  +  M  C.Z.  56  unci  57) 
KLumoiit+II.C.Z.  67  and  68) 


Lamont's  position  for  star  2   is  1'  wroiij;.     On  comparing   positions  of  comet  this   star  appears  to  have  a  proper   motion,  or 
possiblj'  1  rev.  =  l.T'.'!  wrong. 


COMET  d  1880. 


Tlie  c-diitiiiual  cioudiiiess,  i'xi'i'i>t  diiriiiii  those  iiiiihts  when 
it  was  near  the  hriglit  luoou,  has  almo.st  eutirely  prevented 
observations  of  tiiis  comet  (Bkooks,  Jul;/  6).  ISIr.  Chand- 
LEU,  however,  gives  two,  and  lias  dediioed  an  orliit  and 
eplieraeris,  as  follows.     He  says  : 

"  Bad  weather  and  nioonligiit  prevented  my  observing  tiie 
comet  until  July  20  and  21.  It  was  then  an  excessively 
faint  object  iu  my  5-inch  telescope,  and  the  following  ring- 
micronieler  positions  are  of  course  very  uncertain. 


Caiiibrkljie  M.T. 

1889  July  2()  14'56"'52'' 
21    13  34   23 


App.  ]{..V.  .\pp.  Decl. 

Il            111           »  o           .             '/ 

23  57     (;.74  —7  51    25.0 

57  45.35  —7  46  54.1) 


Mr.  W.  M.  Rkki>  kindly  assisted  as  recorder. 

From  B.\RNAi{i)'s  positions  of  July  8  and  10,  and  my  own 
of  July  20  combined  with  one  of  the  same  date  kindly  sent 
me  from  the  Harvard  College  Ohservatoiy  by  Mr.  Wkndell, 
I  get  the  following  rough  elements,  in  which  the  perihelion 
is  quite  uncertain.  The  small  inclination  and  direct  motion 
make  it  almost  certain  that  the  comet  will  prove  to  be  one  of 
short  period." 


T  =   1881)  Ant;.  ,!..1(I2  (ir.  M.T. 

w  =  311°  24''.4 

9,  =     28     12.6 
/  =       5    55  .3 
log  q  =  0.3628 
(C— O).     J/,  cos, 5', —0". 8;   J,-;,  +5". (I 

El'HEMEHIS    FOR    (iUKENWICH    MeAN    Ti.ME. 


I88n 

« 

A 

lou'  y 

lo^'  A 

Br. 

Julv  27.5 

0 

1    55 

—7   19 

0.36;!t> 

o.i.s'.i;; 

1.25 

2'.).  5 

3     7 

7   11 

31.5 

4    13 

7     3 

0.3630 

0.1. SOC 

1.30 

Aug.    2.5 

5    13 

6   55 

4.5 

(■)      .s 

6   4.S 

0.3630 

(1.1721 

1 .35 

6.5 

6  58 

6   41 

8.5 

7  40 

6  35 

0.3633 

0.16  IS 

1.40 

10.5 

8   13 

6   29 

12.5 

8  40 

6  23 

0.3645 

0.1590 

1.43 

14.5 

8  58 

6   18 

16.5 

9   10 

6   14 

0.3664 

0.154  7 

1.45 

18.5 

9   16 

6     9 

20.5 

0 

9    16 

—6     5 

0.3689 

0.1521 

1.45 

Mr.  Wendell 

has  observed   tlu 

'   comet 

as  follows 

at  the 

Harvard  College  Observatory  : 
Greenwich  M.T. 


1889  Julv  20  17  55  48 
"     23   17  50   57 


23   57     2.75        -7  51 
23  59   16.06       —7  36 


9.1 
50.7 


COMET  e  1889. 


A  dispatch   from    Kiel  announces  the   discovery  of  a  bright  comet  by  Davidson,  at  Queensland,  and  the  [losition, 
1889  July  22.9610  (heenw.  INI.T.      a  =  12''  46'"  9^0,    8  =  —32°  29'  6".     Dailv  motion.  +11"'  in  a.  and  2"  48'  northward. 


CORRIGEm)UM. 


No.  19S,  p.  45.     Table  .KVII  in  the  corrections  for  "  put  > 


C  0  N  T  E  N  'J'  .S  . 
On  the  Ligiit-Vahi  vtions  oe   rCBP}jH:i,  isv  Mii.  S.  C.  Chandler. 
On  Tin-  F(ii:ir  m  Axv  Point  m  a  Conic,  by  Mr.  S.  Hir.wama. 

FlLAIlMli  K. 'Mi   111:    I  MISICUVATIONS    OF   COMET  <7  1889    (BROOKS,   JULY   6),    liV    Pudl'.    V 

FiLAii-.Mii  ii.-ii  111;  okshuvations  OF  CoMET  c  1889  (Barnard,  June  23),  uv  Pnor. 
Obseu\  Aiio.vf  >>i    Comet  c-  1888,  by  Prof.  E.  Frisby. 
Comet  d  1889. 
Comet  e  1889. 

CoRRIGBNDUjr. 
PDBLISHED  IX  BOSTOX,  i 


E.  Barnard. 
E.  E.  Bauxard. 
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PROPER-MOTIOXS   OF   STARS  IN   THE   ALBANY   ZOXE  (+0°  50' to  .i°  lO'for  18.55), 

By  lewis   boss. 


The  catalogue  herewith  presented  contaius  296  uumbers, 
and  295  stars  for  which  the  ainoiint  aud  direction  of  proper- 
motiou  is  computed.  All  these  stars  are  situated  iu  the 
Alljauy  "A.  G."  zone,  for  which  the  limiting  parallels  are 
+  0^  50'  and  +5°  10'  of  declination  for  1855.0.  This  cata- 
logue forms  part  of  a  larger  list  of  proper-motions,  to  be 
published  in  the  Albany  catalogue  (now  in  press),  aud  in- 
cludes all  for  which  the  annual  proper-motion,  as  it  results 
from  the  computation,  is  0".10  or  greater.  It  may  be  proper 
to  mention  that  an  effort  was  made  to  have  the  list  practi- 
cally complete  so  far  as  existing  data  permit,  but  to  include 
no  proper-motion  which  rests  upon  a  single  observation  at 
the  older  date,  or  even  upon  an  unverifiable  position  from 
the  mean  of  several  observations.  It  may  tiierefore  be 
hoped  that,  while  from  the  nature  of  the  material,  many  of 
the  proper-motions  here  presented  are  subject  to  errors  of 
considerable  amount,  none  are  so  grossly  in  error  as  to  be 
entirely  spurious. 

These  |)roper-motions  were  originally  computed  from  po- 
sitions reduced  to  the  system  of  Auweus's  Fundametital- 
Catalog,  and  are  so  presented  in  the  forthcoming  Albany 
catalogue.  The  systematic  corrections  required  for  the  com- 
putation made  in  this  way  are  given  by  the  writer  in  a  previ- 
ous article  in  the  Astr.  Journal  (No.  195),  to  whicii  the 
reader  is  referred  for  further  information  upon  this  aud  other 
points.  These  values  of  u  aud  u'  were  converted  into  those 
presented  in  the  present  paper  l)y  the  addition  of  -1-0'. 0005 
and  — 0".013  respectively,  and  are  now  supposed  to  conform 
to  tiie  present  system  of  star-positions  in  the  Jmerk-an 
E]>hemeris.  They  are  probably  not  sensibly  different  from 
those  which  would  have  been  obtained  if  the  systematic  cor- 
rections (Table  VII,  Astr.  Jour.,  No.  196),  necessary  to  re- 
duce the  various  determinations  to  the  American  Epliemeris, 
had  been  employed  in  the  lirst  instance. 

The  authorities  chiefly  consulted  for  the  computation  of 
these  proper-motions,  with  the  ablireviation  used  for  each, 
are  : 

Br.  —  .\iwKKs's  reduction  of  Ukadi.ky's  observations. 
1)"A.  —  Guild's  reduction  of  D'Agelet's  observations. 


LZ.  —  Lal.vxde's  zones,  reduced  by  means  of  Vox  Astex's 
tables. 

Pi.  — PiAzzi's  catalogue. 

BZ.  —  Bks^el's  zones,  reduced  by  means  of  Litiieh's 
tables  in  the  Kiinigsberg  observations.  Volume  XXXVII. 

Str.  — .Strcve's  Positioner  Mediae  for  1830. 

R.  —  RuMKEij's  Hamburg  catalogues  for  1836  and  1850. 

B.B. — Akgelander's  observations,  Bonner  Beobachtungen, 
Band  VI. 

Sj.  — Scn.iEi.LERur's  catalogue. 

Lam.  —  Lamont's  catalogues  for  1850,  for  +3°  to  -1-9°, 
and  — 3°  to  -t-3°  of  declination. 

Other  observations  from  star-catalogues  and  from  periodi- 
cal publications  were  occasionally  employed,  as  indicated  in 
the  column  "Authorities"  of  the  subjoined  catalogue.  The 
search  for  these  was  greatly  facilitated  by  the  use  of  a  manu- 
script list  generously  tendered  by  Mr.  C.  A.  Boust  of  .lohus 
Hopkins  University,  and  which  is  an  extract  from  his  ex- 
tensive comi)ilation  of  star-positions  from  perioilical  publi- 
cations and  miscellaneous  sources.  These  positions  were 
used  without  systematic  correction,  but  were  assignetl  rela- 
tively small  weights.  No  elaborate  discussion  of  systematic 
correction  for  Lamoxt's  two  catalogues  in  question  was 
attempted,  especially  since  a  new  and  improved  ompilation 
of  these  observations  will  soon  issue  from  the  Munich 
observatory.  A  correction  of  — 0'.06  was  applied  to  the 
right-ascensions,  and  specially  derived  corrections  iu  some 
insUmces  to  the  declinations,  which  appear  on  the  average 
to  be  too  great.  These  observations  necessarily  received 
small  weight  in  the  discussion,  but  were  very  useful  iu  many 
instiinces  in  confirming  the  existence  of  proper-motion  for 
stars  otherwise  observed  by  Bessel  (or  another)  alone. 

The  method  of  combining  the  various  determinations,  to 
ascertain  tiie  proper- motion,  was  briefly  .is  follows.  If  the 
star  was  observed  in  both  coordinates  by  Buaoi.ev.  the 
proper-motion  is  deriveil  from  the  comparison,  Albany — 
Bram.ey,  alone.  Otherwise,  aud  for  the  great  majority  of 
telescopic  stars,  the  proper-motion  was  separately  i-omput«d 
from  corapurisoD  of  the  Albany  iKtsitiou  with  each  of  the 
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older  authorities,  in  turn.     Virtually,  equations  of  condition 

containinj;  //  or  //'  as  tlie  only  unknown  (luiiutity  were  thus 
formed  .ind  solved  with  the  use  of  weights  depending  upon 
tiie  supposed  precision  of  tlie  various  determinations.  The 
Alltany  position  was  tluis  treated  as  absolute  for  its  epoch. 
In  only  a  small  proportion  of  cases  would  sensibly  greater 
precision  have  been  reached  through  tlie  more  refined  pro- 
cess of  introducing  a  correction  to  the  star-position  as  a 
second  unknown  quantity  in  tlie  equations  of  condition ; 
while  the  labor  of  solution  would  have  been  very  greatly  in- 
creased. Tlic  proper-motions  of  fundamental  stars  are  de- 
rived by  tlie  addition  of  -|-0'.0005  to  the  value  of  /«.  and  of 
— 0".013  to  the  value  of  ,«'  contained  in  Auweus's  Funda- 
mental Catalog,  e.xeept  in  a  few  cases  where  (t  and  ,«'  were 
copied  from  the  Nortiiern  Boundary  catalogue  of  500  stars 
{Declination  of  Fixed  Stars). 

It  remains  to  explain  the  arrangement  of  the  catalogue. 
The  first  column  contains  the  current  number  from  tlie  Albany 
"A.G."  catalogue  now  in  i)ress.  The  magnitudes  for  the 
brighter  Hradley  stars  are  taken  from  Au wkks'.s  new  catalogue. 
For  the  other  stars,  they  are  usually  the  mean  between  the  Al- 
bany and  Durchmusterung  e&ixm&ies,,  with  occasionally  greater 
weight  for  the  former,  —  fuudanieutal  stars  excepted,  for 
which  positions  substantially  in  conformity  with  the  present 
system  of  the  Amvrican  Ephemeris  are  adopted  ;  the  basis  for 
the  star-positions  is  the  Albany  catalogue,  which  contains 
from  2  to  7  observations  of  each  star  liere  in  question. 
Hut  to  each  right-ascension  were  added,  first,  a  systematic 
correction  of  +0'.()08  to  reduce  it  to  Newcomb's  systenj  ; 
secondly,  a  correction  for  personal  equation  dependent  on 
magnitude,  amounting  to  — 0».0087  (^1/— 4.0),  — 0'.00116 
{M — 4.0)-'  (Hee  Astr.  Jotir.  195)  ;  thirdly,  a  correction  for 
the  adopted  proper-motion  from  the  mean  epoch*  of  observa- 
tion to  the  epoch  1875.0.  In  an  analogous  way,  the  cor- 
rections for  declination  are  :  First,  a  systematic  correction 
of  -t-0".15,  to  produce  conformity  with  the  system  of  the 

*The  average  mean  epoch  is  approximately  1880.5. 


American  Ephemeris;  secondly,  a  correction  for  adopted 
proper-motion  from  the  epoch  of  observation  to  1875.0. 
Thus  the  positions  are  referred  strictly  to  the  equinox  of 
1875.0,  as  defined  by  the  system  of  star-positions  in  tiie 
present  American  Ephemeris.  Tiie  precessions  [and  secular 
variations]  are  computed  with  Stki've's  constants.  Tlie 
manner  of  computing  /<.  and  ,«'  lias  already  been  described. 
When  these  quantities  are  deemed  to  be  more  accurately  de- 
termined than  in  the  average  of  cases,  tliey  are  given  to  the 
fourth  and  third  decimal  places  respectively.  The  next  two 
columns  give  respectively  the  i)roper-motion  and  its  direction 
or  position-angle.  The  abbreviations  in  the  column  "Au- 
thorities" have  already  been  explained,  except  as  to  the 
numbers  following  each,  and  these  refer  to  number  of  obser- 
vations. In  the  last  column  are  references  to  .Stklve's 
Mensiirae  Micrometricae,  and  to  notes  at  the  end  of  the 
catalogue.  Previous  computations  of  proper-motion  arc  also 
referred  to,  thus  :  A  =:  Aroelander's  researches  in  Vol. 
VII  of  the  Bonn  observations ;  A'  =  Argei.andek's  later 
investigations  of  the  proper-motions  of  telescopic  stars,  as 
published  in  Bischok's  Untersuchungen  iiber  die  Eiyenbeive- 
gung  des  Sonnensystems,  u.s.iv.  ( Inangaral  Dissertation ,  Bonn 
1884)  ;  Sj.  ^  ScHJELi.EHUP,  in  notes  to  his  catalogue ; 
R  ^  RiMKER,  in  notes  to  his  catalogue ;  G  =  Grant,  in 
the  introduction  to  the  Glasgow  catalogue ;  D  =  Dreyer, 
in  the  Monthly  Notices,  R.A.S.,\o\.  XLVI,  p.  379  ;  B  =  Bos- 
sert,  in  the  introduction.  Part  I,  of  the  new  Paris  catalogue. 
The  other  references  appear  to  require  no  special  expla- 
nation. It  should  be  noted,  also,  that  all  stars  observed  by 
Bradley  (of  which  notice  is  given  in  the  column  of  "Au- 
thorities") belong  to  those  whose  proper-motions  may  be 
regarded  as  well  known.  Of  these  there  are  53  in  the  cata- 
logue here  presented.  These,  with  43  additional  whose 
proper-motions  have  previously  been  computed  by  others, 
make  a  total  of  96,  leaving  200  for  which  the  proper-motion 
is  supposed  to  have  been  pointed  out  and  computed  here  for 
the  first  time,  though  it  is  cpiite  possible  that  a  few  of  them 
have  been  previously  made  known. 
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Mag.l     a  1875.0 


Prec.      Sec.Var. 


Proper-Motion 


Dist.  |Pos.Ang 


62 

9.1 

0  15  58.86  +3.0796  +0,0052  +4  32  14.0  +20.006  —0.040 

—0.001 

—  0.15 

0.15 

183.8 

BZl,Sj3 

SI 

8.9 

24  20.65 

3.0821 

.0053 

3  59  21.5 

19.941 

.056 

—0.002 

—0.15 

0.15 

191.3 

BZl,Sj2,BBl 

128 

(i.S 

31    4.34 

3.0800 

.0049 

2  26  56.6 

19.870 

.069 

+0.0048 

—0.077 

0.105 

136.9 

LZl.Pi.BZl 

142 

7.() 

32  41.29 

3.0803 

.0050 

2  26    9.2 

19.851 

.072 

+0.0487 

+0.264 

0.776 

70.1 

LZl,P.i.BZl.BB7-6 

.i.B 

182 

8.1 

38  40.36 

3.0766 

-0046 

1    7  14.5 

19.769 

.084 

—0.0040 

—0.627 

0.630 

185.5 

LZ1,BZ2.  BBS 

A.G.B 

204 

6.3 

41  49.62 

3.0919 

.0066 

4  38  15.2 

19.721 

.090 

+0.0539 

—1.184 

1.433 

145.7 

LZl,Pi,Kl,Sjl 

ilaedler 

213 

8.3 

43  58.40 

3.0843 

.0057 

2  42    1.7 

19.686 

.094 

—0.003 

—0.10 

0.11 

201.8 

LZl,BZl,Laml 

A.N.6G8 

2G5 

8.2 

55.-)4.13 

3.'0970 

.0072 

4  22  48.3 

19.461 

.117 

+0.024 

+0.19 

0.42 

G2.8 

LZ1,R1,BB3 

A' 

285 

8.7 

59  17.46 

3.0830 

.0060 

1  48  23.5 

19.3S7 

.123 

—0.012 

+0.02 

0.18 

276.3 

LZ1,BZ1 

286 

6.4 

59  21.24 

3.0977 

.0073 

4  14  31.4 

19.386 

.124 

—0.001 

—0.133 

0. 133 

180.4 

Br4-3 

^-  ^90 

287 

7.3 

0  59  23.43  +3.0977  +0.0073  +4  14  35.7  +19.385 

—0.124 

—0.0011 

—0.113 

0,114 

188.1 

Bra2,D  Al,LZl,Pi 

J  ~ 
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Alb. 

Mag, 

o  1875.0 

Prec. 

Sec.  Var. 

fi  1875.0 

Prec. 

Sec.Var. 

Proper-Motion. 

Aatliorltteg 

Notes 

No. 

/' 

''' 

1    DlBt.  1 

PoB.Ang. 

h     m     a 

B 

0 

o          /       V 

ff 

II 

s 

" 

iJ~\ 

o 

303 

6.6 

1     1  33.03  +3.0805  +0.0059  +1  20  21.0  +19.335  —0.128 

+0.0089 

—0.449 

0.461 

163.5 

Jr6-2 

305 

5.6 

1  55.92 

3.1034 

.0078 

4  59  16.5 

19.327 

.129 

—0.0180 

—0.187 

0.328 

235.3 

Br8-4 

322 

8.6 

5  27.08 

3.1000 

.0075 

4  13    5.0 

19.242 

.136 

—0.015 

—0.18 

0.28 

230.8 

Rl.Sjl 

325 

6.5 

6    0.06 

3.0843 

.0064 

1  48  38.3 

19.226 

.136 

—0.0125 

—0.118 

0.222 

237.9 

Bra2,LZ3,ri.BZl,SjI 

Sj 

357 

8.7 

12  13.79 

3.0972 

.0075 

3  26  56. 1 

19.006 

.148 

—0.008 

—0.01 

0.12 

265.2 

BZ2 

362 

7.6 

12  56.10 

3.0915 

.0071 

2  37.56.1 

19.047 

.149 

+0.0077 

—0.020 

0.117 

99.9 

Pi.BZl.Sjl 

3C9 

8.6 

15  51.10 

3.0940 

.0073 

2  51  48.8 

18.966 

.155 

+0.001 

—0.13 

0.13 

171.3 

BZl.  Rl 

404 

7.5 

21  10.54 

3.1104 

.0085 

4  42  27.9 

18.809 

.  165 

—0.0025 

—0.1.58 

0.162 

193.2 

Br4-3 

Notel 

439 

8.4 

27  41.09 

3.0880 

.0073 

1  48  28.2 

18.604 

.176 

+0.002 

—0.17 

0.17 

170.0 

BZ!,R1 

Note  2 

459 

8.9 

32  22.55 

3. 1 135 

.0088 

4  29  44.7 

18.447 

.186 

+0.008 

+0.08 

0.15 

58.4 

BZ1,K3 

472 

8.2 

34  39.33 

3.10U 

.0082 

3    4  34.9 

18.368 

.1.S9 

—0.010 

+0.09 

0.18 

301.0 

LZ1,BZ2 

504 

8.9 

40  11.23 

3.1111 

.0088 

3  .55  21.8 

18.108 

.200 

+0.008 

—0.15 

BZl.Sjl 

Notes 

.547 

6.4 

49  26  18 

3.0854 

.0078 

1  13  45.9 

17.811 

.214 

+0.0088 

+0.154 

0.203 

40.6 

LZl,Pi,BZl,Str5.  Sjl 

2186 

5G0 

6.3 

53:19.10 

3.11.100 

.0085 

2  29  54.8 

17.038 

.223 

+0.0150 

—0.256 

0.341 

138.2 

Br  17-6 

631 

8  5 

2    8  38.01 

3.1129 

.0092 

3  16  11.9 

16.977 

.249 

—0.004 

—0.09 

0.10 

209.1 

LZ2,BZ2.  Sjl 

648 

5.9 

11  31.87 

3.0870 

.0083 

1    9.56.3 

16.841 

.252 

+0.0205 

+0.348 

0.469 

41.4     LZ2,Pi.BZ2,Kl,Sj3,BB0     A,B 

670 

8.1 

19  25.15 

3.1419 

.0103 

5  12  35.5 

16.457 

.269 

40.0275 

+0.061 

0.415 

81.5 

r.Zl,BZl,Wieii2,l'ar3- 

Note  4  B 

720 

S.l 

28  37.77 

3.1228 

.0097 

3  34  42.7 

15.983 

.282 

+0.014 

+0.10 

0.23 

64.5 

BZ2 

751) 

3.3 

36  49.51 

3.1122 

.0094 

2  42  28.2 

15.540 

.294 

—0.0109 

—0.158 

0.227 

225.9     Fund.  Catalosfue 

2299 

7Si; 

8.6 

43  12  67 

3.0919 

.0088 

1  17  30.1 

15.1,80 

.301 

+0.013 

—0.10 

0.21 

117.8 

BZl.Rl 

792 

S.5 

44  40.20 

3.1326 

.0099 

3  55  25.7 

15.090 

.307 

+0.009 

—0.03 

0.13 

103.0 

LZ1,BZ2 

811 

7.0 

47  11.04 

3.0950 

.0089 

1  27  42.9 

14.951 

.307 

—0.005 

—0.19 

0.20 

200.2 

LZ2,BZl,Sjl 

G.B 

840 

7.7 

50  46.67 

3.0942 

.0089 

1  23    9.1 

14.739 

.312 

+0.006 

—0.09 

0.13 

135.0 

LZl,Par2,  Sj4 

843 

9.0 

51  41.26 

3.12.52 

.0097 

3  19  38.5 

14.685 

.317 

+0.003 

—0.14 

0.15 

100.3 

BZ1,R2 

'851 

8.2 

54  21.74 

3.1496 

.0104 

4  47  38.4 

14.525 

.323 

+0.008 

—0. 15 

0.19 

141.3 

BZl.BBl 

957 

6.0 

3  12  48.38 

3.1228 

.0094 

2  54  37.4 

13.366 

.345 

+0.0173 

+0.089 

0.274 

71.0 

Br5-5 

1186 

5.8 

57  37.78 

3.1222 

.0083 

2  29    8.5 

10.206 

.396 

+0.0090 

—0.127 

0.185 

133.2 

LZl.Pi.BZl 

G.B 

1210 

7.0 

4    3  11.17 

3.13.33 

.0082 

2  .59  38.3 

9.785 

.403 

—0.0054 

—0.067 

0.105 

230.4 

LZ3,BZ2,  BB4,  Sjl 

1215 

6.0 

4  41.08 

3.1787 

.0087 

5  1145.3 

9.070 

.410 

+0.0091 

+0.001 

0.136 

89.6 

Br5-8 

1221 

8.9 

5  31. SI 

3.1724 

.0086 

4  52  33.4 

9.005 

.410 

—0.003 

—0.13 

0.14 

201.0 

BZ2 

1234 

8.9 

7  57.85 

3.1278 

.0080 

2  41  40.2 

9.418 

.407 

+0.011 

+0.28 

0.33 

31.3 

BZ2 

1252 

8.5 

10  17.95 

3.1600 

.0083 

4  13  50.8 

9.237 

.413 

+0.013 

—0.02 

0.20 

95.7 

LZ2,  BZl 

1283 

7.3 

15  16.(i(; 

3.1162 

.0075 

2    5  47.8 

8.849 

.412 

—0.001 

—0.14 

0.14 

184.5 

LZl,BZl,BB2.SjI 

G.B 

l.i42 

8.5 

30    9.08 

3.1427 

.0071 

3  15  5.5.1 

7.662 

.427 

+0.009 

—0.23 

0.26 

1.50.5 

BZ2,  Sjl 

Note  5 

1391 

8.5 

38  10.54 

3.1831 

.0071 

5    3  28.8 

7.009 

.438 

— O.OIO 

—0.00 

0.16 

248.2 

LZ1,BZ2 

^■2589 

I 

1392 

8.5 

38  10.76 

3.1.831 

.0071 

5    3  25.7 

7.008 

.438 

—0.0075 

—0.060 

0.128 

242.0 

BZ2.  Str6 

1420 

7.0 

41  56.36 

3. 1270 

.0064 

2  29  21.9 

6.699 

.433 

—0.002 

+0.10 

0.10 

343.3 

LZl.BZl 

14,53 

8.1 

45  44.34 

3.1010 

.0060 

1  17  .53.7 

6.385 

.431 

—0.005 

—0.13 

0.15 

211.6 

LZ1,BZ1,BB1 

B 

14. -.5 

8.7 

45  47.69 

3.10.36 

.0065 

4    7  20.3 

6.380 

.441 

+0.008 

0.00 

0.12 

90.0 

LZl.BZl 

B 

MHO 

7.5 

49  17.81) 

3.1719 

.0064 

4  28  31.0 

6.089 

.443 

+0.1110 

—0.34 

0.37 

136.2 

LZl.BZl.Sjl 

1.5.59 

8.3 

57  55.66 

3.11930 

.0054 

0  55  21.6 

5.365 

.437 

— II.OOl 

—0.11 

0.11 

185.2 

BZ2,  Sjl 

1600 

7.6 

5    5    8.47 

3.1688 

.0054 

4  15  10.3 

4.754 

.451 

+0.(113 

—0. 1 1 

0.23 

118.8 

BZ2 

KHS 

S,6 

11  54.50 

3. 1840 

.0051 

4  53  10.1 

4.178 

.456 

+0.011 

—0.11 

0.20 

122.9 

BZ2 

li;59 

7.8 

13  17.66 

3.1268 

.0047 

2  23    8.0 

4.059 

.448 

+0.CV)12 

—0.115 

0.116 

171.1 

.Zl.Pi,  BZl 

INSII 

(i.2 

40    8.14 

3.0983 

.0031 

1     7  20.7 

1.736 

.451 

— 0.O044 

—0.139 

0.154 

205.4 

t.Z2,  Pi.BZ2,Sjl 

B 

I9;i3 

8.5 

46  24.91 

3.1426 

.0027 

3     1  10.5 

1.188 

.4.58 

+0.(X)1 

—0.12 

0. 12 

175.2 

.Zl.BZl 

1976 

8.2 

53  36.08 

3.18.50 

.0023 

4  49  16.4 

0.5(!0 

.465 

— O.OOO 

+0.12 

0.15 

323.1 

LZl.BZl,  Sjl 

1979 

8.5 

53  51.56 

3.1139 

.1)023 

1  47    3.2 

+0.537 

.454 

—0.008 

—0.10 

0.15 

227.7     LZl.  BZ2 

B 

2nl9 

7.4 

6    3  16  58 

3.1398 

.01117 

2  53  29.(i 

—0.287 

.458 

—0.008 

—0.09 

0.15 

233.1 

LZl,  BZl.BBl 

2073 

S.l 

7  19. S4 

3.1388 

.1)014 

2  51     11.5 

0.641 

.457 

+0.W2 

—0.24 

0.24 

172.9 

.Zl,Sj2 

21o:! 

6.6 

111  38.79 

3.1923 

.0011 

5     8  12.4 

0.931 

.465 

—0.0167 

+0.146 

0.290 

300.3 

.Zl.  Pi.BZl.Sjl 

Sj.A 

222 1 

S.3 

24  24.31 

3.1791 

+0.(1002 

4  35  42.2 

2.132 

.400 

+0.0«4 

—0.09 

0.11 

142.1 

-Zl.BZl 

2502 

S.5 

49  28.99 

3.1297 

—1). 1)111 1 

2  31     2.8 

4.297 

.444 

+0.009 

—0.05 

0.14 

lll.o     I,Z1.BZ1 

2511 

7.9 

50    6..54 

3.1028 

.01)10 

1  20  33.0 

4  350 

"     .440 

+0.001 

—0.57 

0.57 

179.0     BZl,AlbCS:V2 

Note  6 

2i;ii5 

8,6 

7    3  57.45 

3.11.36 

.0018 

1  50  45.6 

5.524 

.434 

—0.002 

—0.12 

0.13 

194.0     I.Zl.BZl 

2(594 

(i.2 

7  47.118 

3.1.565 

.0023 

3  19  25.8 

5.845 

.436 

— 0.0092 

+0.02 

0.14 

278.1 

.Zl.Pl.BZl 

2716 

8. II 

10    6.31 

3. 1190 

.0022 

2    6    6.0 

6.039 

.431 

+0.0035 

—0.134 

0.144 

158.8 

.Z2.  BZl.BB;! 

2S19 

7.9 

7  19    8.87 

+3.17.55 

—0.0032 

+4  41  38.5 

—6.789 

—0.433 

—0.002 

—0.10 

0. 10 

196.7 

L/.l,  BZl 
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Mng 

a  1875.0 

Free. 

3cc.  Var. 

,!187S.O 

Prec. 

Sec.Var. 

Proper-Motion 

Authorities 

Notes 

No. 

^          1 

F 

DlBt.   , 

'OB.Ang 

M 

h     m     ■ 

•        l~ 

f 

o      >    >' 

ff 

II 

*                    1 

tf 

"      1 

D 

29-)8 

6.8 

7  34  13.85 

+3.1657 

-0.0039  +4  21  44.7 

—  8.015 

—0.420 

—0.0031 

—0.094 

0.105 

206.0 

LZl.Pi,  BZl                     Note  7 

2900 

S.O 

34  31.72 

3.0918 

.0031 

0  54  53.9 

8.039 

.410 

—0.001 

—0.15 

0.15 

183.8 

HZl,  I-ain2 

2985 

7.6 

36  57.23 

3.1529 

.0039 

3  47    1.5 

8.233 

.410 

+0.0024 

—0.090 

0.097 

1.58.2 

LZl,Str3                            21134 

3108 

6.7 

.■)0  50. 1 1 

3.1024 

.0038 

1  27  33.1 

9.325 

.397 

—0.012 

0.00 

0.18 

270.0 

LZl.BZl,  l.!Uii2 

3112 

6.0 

.-.1  51.77 

3.12.-.0 

.0042 

2  33  23.3 

9.404 

.398 

—0.0116 

+0.087 

0.195 

296.6 

Br8-5 

3143 

5.0 

55  45.78 

3.1269 

.0043 

2  40  35.0 

9.704 

.395 

—0.0015 

+0.110 

0.112 

348.7 

Br7-3 

3144 

8.2 

55  50.51 

3.1643 

.0049 

4  30    5.7 

9.711 

.400 

+0.0062 

—0.098 

0.135 

223.5 

LZl,BZl.Str4                 21175 

3305 

8.5 

8  12.52.58 

3.1063 

.0046 

1  43  48.3 

10.987 

.374 

—0  013 

—0.06 

(1.20 

252.5 

BZl,Lam2 

3327 

7.6 

14  48.79 

3.1007 

.0045 

1  27  48.5 

11.128 

.371 

+0.(104 

—(1.12 

(1.13 

1.53.4 

LZl.BZl,  I,aiii3 

3378 

7.9 

21    4.25 

3.0958 

.0046 

1  14  13.5 

11.579 

.304 

+0.010 

+0.03 

0.15 

78.7 

LZl.BZI,  I.am2 

3384 

8.7 

21  44.31 

3.0972 

.0047 

1  18  46.5 

11.027 

.363 

—0.001 

— (1.11 

(1.11 

190.3 

LZl.BZl.  Lam3 

3391 

8.5 

22  57.12 

3.1046 

.0059 

4  .52    2.8 

11.713 

.370 

—0.002 

—0.19 

0.19 

189.0 

BZ2 

3493 

7.9 

35  50.00 

3.1637 

.0062 

5    1  48.8 

12.0(19 

.353 

+0.004 

—0.21 

0.22 

164.0 

LZ1,BZ2 

3506 

8.5 

37  29.15 

3.1643 

.0003 

5    5  31.9 

12.721 

.351 

—0.011 

— 11.114 

0.10 

256.0 

LZl.BZl 

3552 

7.6 

43  24.63 

3.1222 

.0055 

2  49  42.9 

13.118 

.339 

+0.001 

— 0.10 

0.10 

174.3 

LZl.BZl.Laiiil               G 

3611 

8.6 

50  54.88 

3.1567 

.0065 

4  54  55.0 

13.607 

.332 

—0.006 

—11.14 

(1.17 

212.7 

LZl.BZl,  Bin 

3651 

8.7 

57  42.65 

3.1312 

.0060 

3  31  51.8 

14.038 

.320 

+0.004 

— (1.10 

(1.12 

149.0 

BZ2,Lanil 

3652 

8.4 

57  43.80 

3.1310 

.0000 

3  31  25.3 

14.039 

.320 

+0.005 

—0.13 

0.15 

151.7 

BZl.Laml,  Sjl 

3711 

4.0 

9     7  51.61 

3.1175 

.0057 

2  50  25.5 

14.059 

.304 

+0.0083 

—0.322 

0.345 

1.58.9 

Fund.  CataIo<^iie 

3735 

8.3 

13    3.14 

3.0944 

.0051 

1  25  37.8 

14.905 

.294 

—0.008 

—0.10 

O.20 

210.9 

BZl,  Laiii4,  Sjl 

3790 

8.6 

21  26.21 

3.1227 

.0059 

3  23    0.7 

15.443 

.284 

+0.003 

+0.13 

0.14 

21.0 

LZl,  BZl 

3812 

8.6 

28    2.25 

3.1314 

.0062 

4    6  33.0 

15.805 

.274 

+0  003 

+0.11 

0.12 

24.4 

LZl,BZl,Lam2 

3819 

8.1 

28  54.17 

3.1362 

.0063 

4  27  51.3 

15.851 

.273 

—0.0042 

—0.092 

0.111 

214.4 

LZl.BZl.StrS                  21371 

3831 

7.3 

31  13.93 

3.1041 

.0053 

2  15  19.2 

15.975 

.207 

—0.0079 

+0.024 

0.120 

281.5 

LZ2,  Pl.BZl,  Lam2 

3832 

8.1 

31  50.69 

3.1060 

.0054 

2  23  54.3 

16.008 

.200 

—0.0139 

—0.045 

0.213 

257.8 

LZ2,Pi.  BZl.Sjl 

3870 

8.0 

40    6.26 

3.1029 

.0052 

2  17  41.3 

10.433 

.252 

—0.0092 

+0.004 

0.138 

271.6 

LZ2,  Pi,  BZl 

3882 

6.5 

43  59.82 

3.1367 

.0064 

4  55  40.1 

10.025 

.248 

—0.0087 

—0.052 

0.140 

248.2 

Brl-3 

3892 

8.7 

45  45.23 

3.1214 

.0058 

3  48  23.5 

10.711 

.244 

—0.027 

—0.01 

0.41 

268.6 

BZl,  Lam  1 

3893 

6.0 

45  45.25 

3.1114 

.0055 

3    2  10.1 

16.711 

.244 

—0.0128 

+0.108 

0.220 

299.4 

Br3-3 

3906 

9.1 

49  16.63 

3.0947 

.0048 

1  40  47.9 

16.880 

.236 

+0,005 

—0.22 

0.234 

160.0 

BZl,  Lam2 

3911 

7.1 

50  19.04 

3.1329 

.0062 

4  50  11.3 

16.928 

!238 

—0.0134 

—0.065 

0.211 

252.1 

LZl.  BZ2,  BB2 

3936 

8.3 

55  44.50 

3.1270 

.0060 

4  32    2.9 

17.178 

.228 

+(1.00115 

—0.100 

0.100 

176.0 

LZ2,  BZ2,  Laml,Lei(12 

3948 

6.4 

57  39.85 

3.1175 

.0056 

3  48  30.8 

17.204 

.224 

— 0.(J(I51 

—0.105 

0.130 

215.9 

Br22-0 

3956 

8.1 

10    0    1.63 

3.1200 

.0057 

4    5    4.4 

17.369 

.220 

—0.0076 

—0.084 

0.142 

233.7 

LZl,  Pi,BZl,BBl 

3969 

7.6 

2  57.30 

3.1063 

.0050 

2  59    0.7 

17.495 

.214 

—0.015 

—0.03 

0.23 

202.6 

LZl.BZl.LanU              G 

3990 

7.9 

7  37.66 

3.1139 

.0053 

3  47    2.2 

17.692 

.206 

+0.0139 

—0.421 

0.470 

206.3 

LZl,  BZl,  BB3,  Sjl         A'G 

4025 

7.8 

17  16.60 

3.1052 

.0048 

3  15  35.0 

18.073 

.188 

—0.010 

—0.25 

0.29 

211.0 

LZl.BZl                           G 

4045 

7.3 

21    2.57 

3.1133 

.0051 

4  12    2.2 

18.214 

.182 

—0  0094 

—0.028 

0.144 

258.8 

D'A2,LZ2,BZl,Lam2 

4057 

7.2 

23  17.24 

3.0926 

.0040 

2    8    3.6 

18.295 

.177 

—0.011 

—0.19 

0.25 

220.8 

LZl,  BZl,Lan)5,  Sjl 

407C 

7.8 

2K     7.28 

3.0942 

.0040 

2  24  31.4 

18.404 

.108 

—0.011 

—0.12 

0.20 

233.1 

LZl,  BZl,Lam5              G 

4103 

6.7 

:i(!  10.17 

3.1077 

.0046 

4  14    8.7 

18.728 

.1.54 

— 0.(XI79 

+0.022 

0.120 

280.6 

Br6-3 

4147 

7.8 

44  46.12 

3.0977 

.0038 

3  22  25.0 

18.983 

.137 

— O.OOS 

—0.12 

0.170 

225.0 

LZl.BZl,Lam2,Sjl 

4201 

5.8 

11    0  31.65 

3.0880 

.0027 

2  38    1.2 

19.383 

.107 

—0.0274 

—0.078 

0.418 

259.3 

Br5-4 

4209 

8.0 

316.52 

3.0902 

.0028 

3    7  .55.7 

19.443 

.102 

—0.021 

+0.01 

0.31 

271.9 

LZl,BZl,Laml,  Sjl        D 

4229 

8.4 

8  52.09 

3.0864 

.0023 

2  44  54.4 

19.557 

.091 

—0.002 

—0.12 

0.12 

194.0 

LZ1,BZ2,  Lam4,BBl 

4232 

8.8 

9  26.89 

3.0864 

.0023 

2  46    5.8 

19.568 

.090 

+0.(112 

—0.03 

0.18 

99.5 

BZ2,  Lam2 

4235 

5.8 

10  51.45 

3.08.56 

.0022 

2  41  51.4 

19.. 595 

.087 

+(I.(I(I1S 

—0.1.55 

0.157 

171.2 

Br7-3 

425G 

8.9 

15  44.77 

3.0758 

.0010 

0  48  49.5 

19.682 

.078 

—0.002 

—0.13 

0.13 

193.0 

LZl.  BZl.  Sjl 

4262 

8.7 

17  26.62 

3.0908 

.0027 

4  18  31.0 

19.709 

.075 

—0.008 

—0.10 

0.10 

230.2 

LZl,  Lam3.  Camb2-3 

4272 

6.7 

19  24.62 

3.0910 

.0027 

4  32  55.3 

19.741 

.071 

—0.0059 

—0.037 

0.095 

247.2 

Br9-3 

4278 

6.Z 

20  25.68 

3.0871 

.0022 

3  41  39.0 

19.7.-.C 

.009 

— 0.050(i 

+0.170 

0.770 

282.7 

Br6-3                                  \  ,1-.^^ 

4279 

S.l 

20  26.69 

3.0870 

.0022 

3  41  13.7 

19.750 

.069 

—0.0495 

+0.143 

0.755 

280.9 

LZ2,  Pi,  BZ1,R2               i~ 

4280 

7.6 

20  57.49 

3.0804 

~'.0013 

2    3  54.1 

19.764 

.068 

0.000 

—0.14 

0.14 

180.0 

LZl.BZl,  Lam4 

4282 

7.8 

21.   9.25 

3.0787 

.0011 

1  38  48.6 

19.767 

.067 

—0.003 

—0.15 

0.16 

198.4 

LZl,BZl,Cambl.Lam3 

4286 

8.0 

22    0.49 

3.0856 

.0020 

3  28  25.2 

19.779 

.066 

—0.0090 

—0.050 

0.144 

249.7 

LZl.Pi,BZl,Poulk2 

4307 

6.0 

27  58.09 

3.0845 

.0019 

3  45  15.7 

19.859 

.054 

—0.0124 

—0.107 

0.215 

240.1 

Br7-4 

4309 

8.9 

29  23.16 

3.0750 

.0003 

0  54    3.5 

19.876 

.051 

—0.013 

—0.10 

0.21 

242.2 

BZl,  Lam2 

4325 

8.5 

.33    5.18 

3.0819 

.0015 

3  32     7.9 

19.910 

.044 

—0.014 

+0.08 

0.225 

290.9 

LZl,BZl,Lam2,  Sjl 

4347 

8.5 

11  39    6.35 

+3.0794 

—0.0010  +3  20  41.4 

—19.971 

— 0.032 

—0.010 

—0.15 

0.21 

225.0 

LZl,BZl,Laml 

N"-  200. 
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Alb. 
No. 

Mag. 

a  l«7.'i.O 

Prec. 

Sec.  Var. 

,i  187.5.0 

Prec. 

Scc.Var. 

Proper-Motion 

Aothoritte« 

Notea 

f 

f 

DUt.  1 

Poa.An; 

M 

h      in     > 

ri 

» 

O         1       // 

II 

It 

I 

ff      1 

o 

434K 

8.3 

11  39  18.99 

+3.0790 

—0.001 1 

+3  31    9.8 

—19.973 

—0.032 

—0.010 

—0.13 

0.20 

229. 1 

LZl,  HZl.  I,am2 

43(;i 

3.3 

44  11.03 

3.0702 

.0003 

2  28    8.4 

20.007 

.022 

+0.0480 

—0.282 

0.781 

111.2 

Fund,  f'atalosue 

43(;2 

8.8 

45  13.31 

3.0782 

—0.0010 

3  .57  21.8 

20.013 

.020 

—0.010 

—0.03 

0.15 

2,58.7 

LZl,  HZl,  l.am2 

4374 

7.9 

49    0.04 

3.0743 

+0.0003 

1  47  34.3 

20.031 

—0.013 

—0.005 

—0.07 

0. 10 

225.0 

rrA2,  LZl.HZl.Lam2 

440« 

8.7 

57  33.81 

3.0732 

— O.00O4 

4    3  13.9 

20.053 

+0.004 

—0.010 

+0.05 

0.16 

288.4 

LZl,15Zl.Ul{8-7,Sjl 

A 

440!l 

8.8 

57  40.94 

3.0732 

—0.0003 

4    3  24.3 

20.053 

.004 

+0.0015 

—0.480 

0.480 

177.4 

LZl,liZl.liU8 

Sj.A 

4410 

8.1 

58  47.07 

3.0720 

+0.1J003 

2.52.5.i.l 

20.054 

.006 

—0.004 

—0.11 

0.13 

208.6 

BZ2.  K2,  Lani3 

4440 

fi.o 

12    3  10.99 

3.0714 

.0007 

2  35  ,59.9 

20.052 

.015 

+0.(K)16 

—0.194 

0.195 

173.0 

Br8-4 

44fi.5 

5.0 

14    0.09 

3.0005 

.0006 

4    0  32.3 

20.017 

.036 

—0.0206 

—0.078 

0.318 

255.8 

Br4-5 

44f!7 

8.8 

15    2.71 

3.0070 

.0010 

3  25  23.0 

20.011 

.038 

—0.017 

—0.04 

0.25 

260.9 

LZl,BZl,Laiii3,Cambl 

4472 

8.5 

17    O.IG 

3.0098 

.0021 

1  24  44.4 

19.998 

.042 

0.000 

—0.20 

0.20 

180.0 

BZI,Lam2 

449G 

8.0 

22  31.38 

3.0080 

.0022 

1  50  37.  G 

19.957 

.053 

—0.004 

—0.12 

0.13 

206.5 

LZl,BZl,Canibl-2,Lam2 

4 -.11 

8.3 

20  45. 5G 

3.0075 

.0025 

1  44    9.7 

19.918 

.061 

—0.006 

— O.09 

0.13 

225.0 

LZl,  BZl                    [Sjl 

4518 

7.3 

28  53.80 

3.0G36 

.0020 

2  56  54.3 

19.895 

.065 

—0.0068 

+0.044 

0.111 

293.3 

LZl,BZl.R2,Laml,Cambl 

4.578 

8.4 

43  22.20 

3.0(i39 

.0033 

1  53  31.3 

19.090 

.093 

—0.002 

—0.71 

0.71 

182.4 

LZl,  Lam  1,  Sjl 

A 

45H0 

8.4 

44  28.09 

3.0533 

.0022 

4  11  .53.9 

19.078 

.094 

+0.006 

—0.11 

0.14 

140.2 

LZl.  BZl,  Sj2 

4fi0« 

3.0 

49  18.44 

3.0519 

.0020 

4    4  37.9 

19.,592 

.104 

—0.0331 

—0.060 

0.499 

263.1 

Fund.  Catalogue 

4G24 

9.4 

54  .55.21 

3.0405 

.0026 

4  38  29.7 

19.481 

.114 

— 0.012 

— 0.07 

0.19 

248.7 

BZl.Laml 

4«:i8 

7. a 

.58  21.52 

3.0005 

.0046 

0.58  11.3 

19.408 

.121 

— 0.0019 

—(J.  105 

0. 109 

194.9 

LZl.Pi,  BZl,Sj2     [Sjl 

4<;41 

8.0 

59  24.07 

3.0437 

.0028 

4  45  49.9 

19.;584 

.122 

+0.0041 

—0.091 

0.110 

14.5.9 

LZl,Pi,BZ3,Lam3,BBl, 

4(144 

7.9 

3    0  57.11 

3.0045 

.0046 

1  15  26.8 

19.349 

.120 

-0.0064 

—0.138 

0.168 

214.8 

BZl,Str4,  Sjl                  Notes 

4(;(iU 

8.4 

4  29.58 

3.0507 

.0042 

2  23  39.2 

19.2(i5 

.132 

+0.003 

—0.11 

0.12 

155.6 

LZ2,  BZl.Laml 

4(i71 

8.8 

9     4.08 

3.04.53 

.0037 

3.53    .5.1 

19.150 

.140 

—0.010 

—0.06 

0.16 

248.2 

LZ2.  HZl 

4(!0'J 

8.0 

14  2S.18 

3.0365 

.0035 

4  40  56.9 

19.005 

.150 

—0.035 

+0.21 

0.57 

291.8 

BZ2.  Lani2 

47(IS 

7.3 

17  17.95 

3.0462 

.0043 

3  22  12.1 

18.924 

.1.55 

—0.0001 

+0.202 

0.202 

359.5 

DAI,  LZl,  BZl,Str5      G\    ,.,-., 

4709 

7.9 

17  19.07 

3.0402 

.0043 

3  22  18.2 

18.923 

.155 

0.000 

+0.23 

0.23 

0.0 

LZl,  BZl                            G)"   - 

472;i 

9.3 

21  19.92 

3.0424 

.0044 

3  40  24.8 

18.805 

.1(52 

—0.011 

—0.03 

0.17 

260.0 

BZl.Laml 

4734 

7.3 

23  24.99 

3.0577 

.0054 

1  44  44.8 

18.740 

.167 

—0.0067 

—0.168 

0. 196 

211.0 

LZl,Lanil,BB7 

4744 

8.4 

25  30.00 

3.0308 

.0040 

4  51  26.4 

18.672 

.169 

—0.0069 

+0.033 

0.108 

287.8 

LZl,  BZ3.  Lam2 

4772 

8.3 

34    5.28 

3.0462 

.0054 

2  47  35.4 

18.388 

.185 

+0.004 

—0.13 

0.14. 

1.55.2 

D'Aol,LZl.HZl,Lam2 

Note  9  A' 

4781 

5.8 

30  4G.8I 

3.0323 

.0048 

4  10  16.5 

18.293 

.189 

—0.0207 

—0.077 

0.319 

256.1 

Br7-3 

11777 

4820 

9.1 

48  59.34 

3.0525 

.0063 

1  50  57.7 

17.829 

.211 

—0.010 

—0.14 

0.21 

227.0 

BZl,  Lam  1 

48.-..-. 

7.5 

56  30.  G3 

3.0250 

.0056 

4    9     7.9 

17.518 

.222 

—0.0145 

— O.091 

0.235 

247.2 

LZLl'i,  HZl 

48fi7 

8.0 

58  39.00 

3.0428 

.0064 

2  32  59.5 

17.426 

.227 

-0.013 

+0.02 

0. 19 

276.0 

BZ2,  Laml 

48!»1 

8.7 

14    4  39.92 

3.0118 

.0(155 

4  .59  41.3 

17.160 

.235 

—0.0104 

+0.021 

0.157 

277.7 

LZl,  Pi.  HZ2,  Lam2 

4915  ' 

.r,-7.!i 

9    2.34 

3.0259 

.0002 

3  42  40.7 

16.959 

.243 

—0.0122 

+0.023 

0.184 

277.2 

LZl.HZl.Slrl                  Note  10 

4941 

0.4 

10  51.87 

3.0483 

.0072 

1  49  41.7 

16..583 

.257 

+0.010 

—0.49 

0.51 

163.0 

LZl.  HZl.Lam3               G 

5011 

8.8 

31  29.73 

3.0106 

.0007 

3  52  38.9 

15.830 

.277 

—0.019 

+0.04 

0.29 

277.9 

BZl,  Laml 

6043 

8.8 

39    0.52 

2.9906 

.0064 

5    3  27.5 

15.418 

.286 

—0.007 

+0.10 

0.15 

312.3 

LZl,  BZl,  Sjl 

504<> 

3.0 

.39  55.82 

3.0359 

.0074 

2  25  14.9 

15.366 

.292 

—0.0089 

—0.040 

0. 139 

253.3 

Fund.  Catalo^jue 

.'■.0-.4 

8.1 

41     0.07 

3.0235 

.0071 

3  13  51.5 

1.5.300 

.291 

—0.026 

—0.07 

0.40 

2,59.8 

BZl,  Laml 

.-.111 

7.1 

54  44.43 

3.0174 

.0072 

3  23  49.3 

14..5(I2 

.310 

—0.006 

—0.09 

0.13 

225.0 

LZl. BZl,  Kl.Sjl 

5114 

8..-. 

5.-.  30.25 

3.0098 

.0070 

3  51  19.3 

14.4.50 

.311 

—0.014 

+0.07 

0.22 

288.4 

LZl.  BZl,  I^ml 

Vole  11 

5117 

9.0 

50  32.77 

3.0380 

.("i7(; 

2     (■.28.7 

14.392 

.315 

— 0.(X)2 

+0. 13 

0.13 

347.0 

K2.  HKl-2 

51. -.9 

8.3 

15    5  57.72 

2.9909 

.(H»(iS 

1  47  42.4 

13.807 

.322 

-0.0081 

—0.024 

0.123 

2,58.8 

LZ1,BZ3.  Lam:t.  Sjl 

5174 

5.8 

9  27.10 

3.0579 

.0081 

0  .50  10.3 

13.. -.84 

.334 

—0.0074 

— 0.005 

0.111 

267.4 

Br2-;l 

517f; 

7.4 

9  35.81 

3.0505 

.(K)79 

1  1.5  .54.4 

13.574 

.333 

+0.(H>9 

— O.ll 

0.18 

231.8 

LZl,  BZl.  HI 

518(i 

5.0 

12  55.90 

3.0338 

.0076 

2  14  22.8 

13.3.58 

.336 

+0.0234 

—0.542 

0.645 

212.9 

Br2-3 

ri9:io 

5190 

li.O 

14  1(1.28 

3.0517 

.0080 

I  10  17.3 

13.244 

.340 

— 0.(MI43 

—0.107 

0.125 

210.9 

Br5-;; 

5192 

8.5 

10  25.13 

3.0391 

.0077 

1  52  46.8 

13.129 

.341 

— 0.02i!2 

—0.357 

0..531 

227.7 

BZl.  !!;■..  Um4 

52  ii; 

I'l.O 

22  19.47 

3.0312 

.(1076 

2  K;  40.4 

12.734 

.347 

— 0.(H).-.9 

—0.052 

0. 102 

2,39.4 

Br2-3 

6230 

7.0 

25  21.37 

3.0483 

.0(178 

I  IS  5(1.0 

I2..-.28 

.3.53 

— 0.(H)42 

—0.11)8 

0.125 

210.3 

LZl,  BZ2,  IjimO.Sjl 

52119 

(i.4 

37  44.0('. 

3.O108 

.(Ht72 

2  55     2.8 

ll.(i(i4 

.363 

—0.00.58 

—0.1,56 

0.179 

209.1 

Hr4-I 

5274 

8.5 

39    2.93 

2.9747 

.0060 

5     6  24.0 

11.571 

•       .3.59 

— O.0O3 

—0.16 

0.16 

194.(1 

BZl,  I^ml 

5289 

8.0 

41  51.02 

3.0315 

.0(171 

157  51.1 

11.309 

.369 

— 0.(Kt6 

— 0. 22 

0.24 

202.2 

HZl,  I^ni3.  Sjl 

5301 

3.3 

44.15.15 

2.977'.l 

.(KICO 

1  .51   19.6 

11.172 

.;1G6 

+0.W)7S 

+11.068 

0.129 

58.0 

Fund.  Catalocno 

5375 

8.7 

10    4  .50.71 

3.(10.59 

.OOCiO 

3  14  31.9 

9.658 

.388 

+0.0<X)1 

— 0.10(! 

0. 100 

179.5 

LZl,  BZ1,I{6.  HB2 

5419 

8.5 

10  15  27.75 

+3.0541 

+0.0068 

+0  52    0.1 

—  8.833 

+0.404 

+0.0<I5 

—0.21 

0.22 

161.6 

LZl,  HZI.Ljim7               A' 
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Alb. 

Mng. 

a  1875.0 

I'rec. 

Sec.  Var. 

,1 187S.0 

Prec. 

Scc.Var. 

Propor-Motlon. 

Autborltleii 

Notes 

No. 

''         1 

^' 

DUt.  IPos.Ahk. 

.-.420 

5.0 

h     m     • 
6  15  44.56 

+3.0445 

+0.0067 

+  1  19  27.9  - 

II             ■  II 
-  8.812  +0.403 

■          1 
—0.0124 

+0.026 

0.188 

o 
278.0 

nrll-3 

5434 

8.7 

17    4.93 

3.0335 

.0066 

1  50  38.6 

8.706 

.402 

— 0.002 

—0.17 

0.17 

190.0 

15/,  1,  Lain:',.  15151,  Sjl 

r>4r.9 

8.9 

22  20.94 

2.9967 

.(1061 

3  33     1.1 

8.288 

.402 

— 0.001 

—0.51 

0.51 

181.1 

BZ2.  K2 

r.471 

7.6 

24  19.63 

2.9761 

.0(159 

4  .-,0    0,5 

8.131 

.400 

—0.0333 

— 1..3111 

1.47S 

199.8 

LZ2,  HZ2,K5,  1515 10 

\,G 

5473 

3.7 

24  36.60 

3.0240 

.(I0(;3 

2  15  32.  (i 

8.106 

.407 

—0.0022 

— 0.(1118 

(1.103 

198.6 

Kiiiid.  Catalogue 

i2055 

5479 

8.4 

26  32.96 

3.0218 

.oo(;2 

2  21  17.6 

7.952 

.408 

—0.0(121 

— 0.106 

0.1 11 

196.8 

I,ZI,  Pi,  Laiiil.  .Sjl 

5480 

8.9 

26  39.65 

2.9967 

.006(1 

3  31  1(1.(1 

7.944 

.405 

— 0.0206 

—0.182 

0.:359 

2:59.5 

UZ2,  K2,  l.aiiil 

5496 

8.1 

29  44.19 

3.0368 

.OdCL' 

1  38  34.2 

7.69(i 

.412 

—0.0101 

—0.082 

0.172 

241.4 

l)'.\l,LZl,I.aiii9,  Sj2 

5521 

9.2 

35    9.97 

3.0383 

.OIICO 

1  :13  39.9 

7.255 

.416 

—0.007 

—0. 15 

0. 19 

216.3 

BZl,Laui2 

5524 

6.0 

35  22.67 

3.0413 

.01  ICO 

1  25  18.(1 

7,238 

.417 

—0.0087 

+o.o2(; 

0.133 

281.3 

Hr6-1 

5548 

8.9 

40    8.64 

2.9598 

.0053 

5    6  55.0 

6.847 

.409 

—0.014 

—0.02 

0.21 

264.5 

LZl.HZl,  I.anil     [Sj2 

5551 

7.2 

40  35.68 

3.0180 

.0057 

2  28     7.4 

6.8  K 

.417 

—0.0075 

+0.031 

0.116 

285.5 

Brid.l,Zl,Gc-lil2yr4-6, 

Note  12 

5571 

8.6 

44  53.27 

2.9615 

.(Kl.-,1 

5    0    3.2 

6.45.- 

.412 

+0.004 

—0.14 

0.15 

1.56.8 

UZ2,  Lam2,  Sjl 

5592 

9.0 

50  .54.67 

2.997; 

.OO.'il 

:•,  21  33.9 

5.954 

.420 

0.000 

—0.22 

0.22 

180.0 

15Z2,  Laml                       Note  13 

5634 

6.2 

58  55.02 

3.0523 

.0051 

0.53  18.1 

5.282 

.432 

—0.001 

—0.38 

0.38 

183.0 

I,Z1,  BZ3,  I.amlO,  Sjl 

K< 

5GG2 

;i.i 

17     1  .->2.67 

3.029.- 

.0048 

1  53  24.8 

5.031 

.4:50 

—0.007 

—0.21 

0.2:') 

L'o5.5 

15Zl.Laiii4                  9«.« 

3".  5,  230^ 

5(iG3 

7.4 

2  111.48 

2.!i681 

.0045 

4  35  46.7 

5.00( 

.421 

—0.0036 

—0.207 

0.214 

194.6 

I.Z1.BZ2.  Kl 

5738 

7.0 

14  iS.-,-> 

3.036.^ 

.0043 

1  33.38.6 

3.92! 

.436 

—0.009 

+0.24 

0.28 

329.7 

I.Zl.BZl,  l.am7 

A',G 

5752 

9.2 

16    3.38 

3.0158 

.0041 

2  27  51.8 

3.822 

.433 

—0.010 

—(1.21 

0.26 

215.5 

R2.  Lam2 

5759 

8.8 

17  39.56 

2.9.581 

.(1039 

4  57  47.4 

3.684 

.426 

—0.010 

—0.19 

0.24 

218.3 

BZl,Lam2,  Sjl    [Sjl,BB4 

5766 

8.0 

19  32.21 

3.0202 

.0040 

2  15  54.8 

3.523 

.4:15 

—0.0399 

—  1.169 

1.313 

207.1 

BZl,Sant3,Rl,Lam6, 

R,Sj,A,G 

5786 

8.9 

22  23.25 

3.006C 

.0038 

2  51    4.0 

3.27( 

.434 

—0.005 

—0.26 

0.27 

195.1 

Kl,Lara3 

Note  14 

5800 

9.0 

24  25.29 

3.0163 

.0037 

2  25  29.9 

3.101 

.436 

+0.003 

—0.13 

0.14 

1.59.0 

BZ 1 ,  K5 

5866 

6.6 

33    4.60 

2.9880 

.0032 

3  37  51.3 

2.35( 

.434 

—0.0123 

—0.121 

0.220 

236.6 

LZl,Pi.  Rl,  Lara2 

\> 

5S92 

3.0 

37  17.88 

2.9647 

.0030 

4  37  16.5 

1.98: 

.431 

—0.0036 

+(1.154 

0.103 

340.7 

Fund.  Catalojj:uf 

.5952 

8.8 

44  10.26 

2.9764 

.0027 

4    6  41.0 

l.:384 

.434 

—0.009 

—0.10 

0.16 

232.4 

LZl,  BZl.Laml 

Note  15 

5957 

9.8 

4.-1  1.-..9S 

3.0247 

.0027 

2    2  33.5 

1,2.><> 

.441 

+0.012 

+0.06 

0.19 

71.6 

Rl,  Laml 

Note  16 

6001 

8.8 

51  1(1.  lit 

2.957() 

.0024 

4  54  19. 1 

0.771 

.431 

+0.005 

—0.12 

0.14 

149.7 

LZl.BZl 

6060 

8.4 

57  42.21 

3.029," 

.0020 

1  49  .50.9 

0.2(1 

.442 

+0.005 

—0.08 

0.011 

138.8 

LZl,BZl,Sjl 

6073 

4.3 

59    8.34 

3.0132  +0.0020 

2  31  49.6 

0.07.- 

.439 

+0.0143 

—1.127 

1.147 

169.3 

Brl8-5 

22272 

6076 

7.0 

.-)9  27.09 

2.9633 

—0.0020 

4  39  37.3 

—   0.(l4> 

.4^12 

—0.001 

—0.30 

o.:io 

183.8 

BZl,Lam4,  Sjl 

6121 

6.2 

18    3  38.78 

2.9997 

+0.0017 

3    6  21.5 

+  0.311 

.437 

+0.003 

—O.I  11 

0.20 

165.3 

l)Al,BZl,Kg2       [Sjl 

6273 

8.5 

28  16.03 

3.0262 

.0005 

1  59    8.1 

2.46- 

.437 

+0.004 

—0.13 

0.14 

155.2 

LZl,  BZl,Lam5,  BBl, 

6275 

8.2 

28  47.26 

2.9762  +0.0006 

4    8  34.4 

2.511 

.430 

—0.006 

—0.12 

0.  !5 

216.9 

BZl,Laml0.9 

Note  17 

6395 

7.7 

45  32.70 

3.0061 

—0.0003 

2  53  20.9 

3.95! 

.428 

—0.001 

—0.12 

0.12 

1S1I.4 

LZ2,  Lam2.  Sj:5 

6423 

8.2 

49  28.59 

2.9784 

.0003 

4    6  36.7 

4.29( 

.422 

—0.002 

—0.1 6 

o.k; 

1110.6 

LZI,Lara2 

6433 

7.2 

5024.89 

2.9781 

.0004 

4    0  26. 1 

4.37( 

.422 

—0.0009 

—0.106 

0.107 

1.S7.0 

LZl.Pi,  BZl.Lamll 

Note  18 

6474 

7.1 

54  53.94 

3.019- 

.0008 

2  18  57.4 

4.75,S          .42( 

—0.001 

—0.32 

0.32 

18:5.5 

Lam5,  BBl,  Sjl 

6557 

8.7 

19    3  21.2.S 

3.04,H- 

.0014 

1    2  25.8 

5.473         .425 

0.000 

—0.17 

0.17 

l.sO.O 

BZ4,  Laral4 

6635 

7.1 

14     8.41 

2.97R 

.0013 

4  33    5.0 

6.37; 

.408 

—0.0021 

—0.117 

0.121 

1114,8 

LZl,Pi,  Lani4,  Sj2 

6669 

3.3 

19  11.76 

3.0091 

.0017 

2  52     1.8 

6.793          .410 

+0.01.58 

+0.076 

0.249 

72.2 

Fund  catalogue 

6729 

8.5 

25  50.3(> 

2.960: 

.OOK 

5    8  21.9 

7.33 

.:-i99 

—0.003 

—0.12 

0.13 

202.6 

I5Z1,  BBl,  Lam5 

6755 

7.1 

29    8.27 

3.0151 

.0021 

2  38  20.3 

7.60, 

.404 

+0.0031 

+0.080 

0.098 

29.2 

D'A2,  LZ1,BZ2 

6798 

7.8 

36    8.07 

3.044( 

.0027 

1  17  46.9 

8.168          .402 

+0.011 

—0.(19 

0.1. S 

119.4 

LZl,BZ2.Lam6,  BBl 

6861 

9.1 

43  52.55 

3.0053          .0025 

3  11  28.8 

8.782         .390 

—0.004 

—0.16 

0.17 

2(10.5 

BZl,Laml 

Note  19 

6893 

8.5 

47  55.38 

3.0384          .0030 

1  37  42.8 

9.099         .391 

+0.003 

—0.32 

0.:52 

171.1 

BZ2,  Lam3.  Sjl 

6898 

8.8 

48    6.18 

3.0384          .0031 

1  37  33.4 

9.112         .391 

—0.001 

—0.31 

0,31 

1S3.2 

BZ2,  Laml 

6906 

8.5 

48  52.00 

2.9960         .01125 

3  40  16.8 

9.172         .385 

—0.005 

—0.10 

0,13 

218.7 

15Z2,  Lam4 

6958 

7.8 

56  31.58 

3.011. 

)          .0029 

2  58  29.7 

9.763         .379 

—0.007 

+0. 1 1 

0.15 

317.7 

LZ1,BZ2.  Lam5 

697;-. 

7.0 

58  50.76 

3.0364         .(11)32 

1  4i;    9.2 

9,940       .:wn 

—0.002 

—0.14 

0.14 

192.1 

LZl,BZl,Rl,Lam5 

G 

6976 

S.3 

50  16.64 

3.0083         .002'.: 

3    9  11.9 

9.!I7 

2         .376 

+0.006 

— 0. 19 

0.21 

154.6 

BZ2,  Lam3 

7141 

8.9 

20  23  51.73 

2.9790         .002.S 

■    4.55  22.6 

11.77 

.347 

—0.008 

—0.02 

0.12 

260.5 

BZl,Lam2,  BBl 

Note  20 

7147 

8.9 

24  58.42 

2.9819        ■70029 

4  47  27.7 

11.85 

.34f 

+0.017 

+0.25 

0.36 

46.1 

BZl,Lam5,  Sj.l 

Note  21 

7215 

8.1 

33  IJ.O" 

2.989 

I          .0030 

4  31  4S.1 

12.43 

5         .337 

+0.0581 

+0.090 

0.873 

,K4.1 

LZ1,BZ2.  BB9 

A 

7339 

7.5 

50  26.3c 

3.0509         .0041 

1  14  37.6 

13.57 

.322 

—0.0039 

—0.225 

0.233 

194.7 

LZl,Pi,  BZl,Laml3 

D 

7352 

5.6 

52  49. 7C 

3.007 

3         .0032 

3  48  54.9 

13.7:SO         .314 

-0.0109 

—0.156 

0.226 

226.3 

Br4-4 

7353 

7.8 

52  50.4C 

3.007 

2         .0032 

3  48  57.8 

13.73 

.314 

—0.006 

—0.12 

0.15 

216.9 

LZ2,  BZl,Lam3 

Note  22 

7373 

7.7-8 

1     56  42.43 

3.0548  ■      .0042 

1    2  30.3 

13.975         .314 

—0.0101 

—0.068 

0.166 

245.8 

LZ2,  BZ2,  Str3 

Note  23 

7378 

7.9 

20  57  21.5c 

+3.0316  —0.0037 

+2  26  12.6 

+14.016  +O.310 

—0.012 

—0.08 

0.20 

246.0 

BZl,Laml-2 
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• 

Alb. 

Mag. 

a  1875.0 

Free. 

Sec.  Var. 

(11875.0 

Prec. 

Sec.Var. 

Proper-Motion 

Authorities 

Xotes 

So. 

Z' 

M' 

DUU  1 

PoB.An; 

M 

h     m     • 

g 

^ 

o       >     /' 

f/ 

II 

■ 

// 

»      \ 

o 

7:W2 

8.5 

20  57  49.74  +3-0140  —0.0033  +3  29  31.9  +14.045 

+0.308 

—0.006 

—0.21 

0.23 

203.2 

BZl.Lam4 

7H.X3 

7.9 

57  51.29 

3.0304 

.0037 

2  30  47.1 

14.047 

.309 

—0.023 

—0.39 

0.52 

221.8 

BZl.Laml 

7405 

8.5 

21     1  45.91 

2.9877 

.0028 

5    9  10.5 

14.289 

.300 

—0.003 

—0.15 

0.16 

198.4 

BZ2,  Laml 

74'Jti 

8.9 

17  27.85 

3.0.557 

.0041 

1    5    .5.8 

15.219 

.284 

—0.010 

—0.13 

0.20 

229.1 

BZ3,  Lan)5 

74ilft 

9.0 

18    1.7C 

3.0239 

.0033 

3  11    3.3 

1.5.251 

.280 

0.000 

—0.15 

0.15 

180.0 

BZl,I-am3,  Sj2 

7.-.04 

8.5 

20  2*;.  89 

2.9986 

.0020 

4  54  36.2 

1.5.388 

.274 

+0.010 

—0.26 

0.30 

150.0 

L7,l,  BZl.Laml 

D 

7.-.0(; 

7.2 

21    2.. 55 

2.9997 

.0020 

4  51    5.6 

15.421 

.273 

—0.005 

— <J.07 

0.11 

228.8 

LZl,  BZl,Lam2 

7.'.(;2 

CM 

32  U;.27 

2.9990 

.0022 

5  12  30.7 

16.030 

.256 

+0.0069 

+0.010 

0.103 

84.5 

Br7-3 

7.->l)4 

9.1 

38  41.89 

3.0363 

.0031 

2  39  47.2 

16.362 

.249 

0.000 

—0.19 

0.19 

180.0 

BZl,  Laml 

7i;ai 

H..'t 

45  45.54 

3.0550 

.0035 

1  19  39.5 

16.711 

.239 

—0.009 

—0.19 

0.23 

214.4 

BZ2,  Lam7 

7li.-.0 

8.8 

50  40.22 

3.0451 

.0030 

2  10  20.5 

16.945 

.230 

—0.006 

—0.23 

0.25 

202.2 

BZl,  Lam4.  BBl,  Sjl 

7(;.57 

7.4 

52  11.57 

3.0329 

.0025 

3  11    9,7 

17.016 

.227 

—0.019 

—0.15 

0.33 

242.6 

LZ2,  BZl,  Laml 

D 

7(;7(i 

7.9 

55  35.9(J 

3.0219 

.0020 

4  10  21.8 

17.172 

.220 

+0.003 

—0.15 

0.16 

165.1 

LZl,  BZl 

7(i8G 

50 

59  22.49 

3.0200 

.0018 

4  26  .54.0 

17.340 

.214 

+0.0059 

+0.085 

0.123 

40.3 

Br2-3 

7(i!t2 

8.2 

22    0    8.35 

3.0578 

.0032 

1  14  32.8 

17.374 

.215 

+0.0205 

+0.160 

0.346 

02.5 

LZ1.BZ3,  Lam9 

A' 

77111 

7.5 

3  41.17 

3.0326 

.(X)21 

3  29  13.0 

17..527 

.207 

+0.005 

—0.07 

0.11 

131.2 

LZ2.  BZ1,BB4 

7727 

8.2 

7  4(i.07 

3.0155 

.0012 

5    9  31.5 

17.697 

.  199 

— 0.0O61 

—0.085 

0.125 

227.0 

LZ2,  BZ2 

7771 

(!.0 

20  15.(;3 

3.03.52 

.0013 

3  45  24.5 

18.185 

.179 

+0.0182 

+0.029 

0.275 

84.0 

Br4-5 

777(; 

5.(! 

21  31.89 

3.0320 

.0011 

4    4  10.5 

18.232 

.176 

+0.0043 

—0.314 

0.320 

108.5 

BrO-4 

7780 

5.(> 

23  38.79 

3.0360 

.0012 

3  47  51.4 

18.308 

.173 

—0.0025 

—0.146 

0.151 

194.2 

Br4-3 

12912 

7H13 

8.7 

28  49.58 

3.0539 

.0018 

2     1  .33.2 

18.488 

.1(!5 

+0.00!t 

+0.08 

0.101 

0O.3 

LZl.  BZl.Lani4,  BBl 

7H42 

(!.9 

34    (>.(!2 

3.0386 

.0000 

3  55  40.8 

18.662 

.1.54 

+0.0049 

—0.152 

0.109 

154.3 

LZ2.  BZ2,  Laml,  Sj2 

78.Jil 

7.4 

37  28.80 

3.0457 

.0008 

3  13  14.5 

18.708 

.148 

+0.0103 

+0.359 

0.391 

23.2 

LZ2.  BZ2.  Poulk2 

D 

7!<(!4 

8.8 

38  11.17 

3.0378 

.0003 

4  13    .5.3 

18.790 

.145 

+0.004 

—0.12 

0.13 

1.53.7 

LZ2,  BZl.Sjl 

7882 

7.7 

41  4.5. 3G 

3.0400 

.0000 

3  21     7.0 

18.897 

.141 

— <l.008 

+0.03 

0.12 

284.0 

LZ1.BZ1,BB2 

7888 

8.i; 

42  59..55 

3.0573 

.0012 

1  .56  2(;.7 

18.933 

.139 

—0.005 

—0.12 

0.15 

213.7 

LZ2,  BZl,Laiii2 

7S9(> 

8.8 

44  22.38 

3.0030 

— o.o<:)i5 

1  13    0.4 

18.972 

.137 

+0.003 

—0.34 

0.34 

171.6 

Lam4,  Sjl 

7!ll(! 

8.3 

49    4.75 

3.0427 

+0.0002 

4    9    8.2 

19. 102 

.127 

—0.004 

— 0.09 

0.11 

213.7 

LZ2.  BZ1.SJ2 

7;i38 

(;.7 

52  58.01 

3.0474 

.0001 

3  41  29.8 

19.202 

.120 

^«.004 

—0.09 

0. 1 1 

21.3.7 

LZ2.  BZl,  Sjl 

7!l4t; 

7.0 

.55  17.74 

3.0475 

+0.(K103 

3  47  37.1 

19.200 

.115 

+0.0016 

—0.126 

0.128 

169.2 

LZ2,BZI.BB4      [Sjl 

7!l(;0 

7.7 

57  42.39 

3.0.558 

—0.0002 

2  37  18.6 

19.318 

.111 

+0.010 

— o.o;» 

0.175 

120.9 

LZI.BZl,.\nnArborl,     Note  24 

7!IG« 

7.8 

58  37.58 

3.0502 

+0.0004 

3  33  25.  (! 

19.339 

.  109 

+0.010 

— <I.14 

0.21 

133.0 

LZ1,BZ2 

7!l8f. 

5.8 

23    2  10.77 

3.0638 

—0.0005 

1  26  51.6 

19.422 

.103 

+0.0085 

+0.102 

0.103 

51.2 

Brio- 5 

7!»!I0 

8.2 

3  10.90 

3.0651 

.0006 

1  15     1.3 

19.441 

.101 

+0.0060 

—0.007 

0. 1 12 

120.7 

LZ3.  BZl.Laml 

8007 

8.0 

5  .54.97 

3.0650 

—0.0004 

120    1.1 

19.498 

•     .096 

+0.(X)56 

—0.101 

0.131 

140.3 

LZl.l'i.BZ2.  Lam6-5 

800!l 

8.0 

0  15.37 

3.0613 

.0000 

2    0  43.0 

19.505 

.CKI5 

+0.0008 

—0.180 

0.187 

175.7 

LZ3.  BZl.Lam3.  Rl,Sj2 

so:!i; 

4.0 

10  41.13 

3.0593 

+0.0005 

2  35  58.4 

19.. 592 

.087 

+0.0492 

+0.CK)4 

0.737 

89.7 

Fund.  Catalogue 

8042 

8.2 

12  2.5.01 

3.0599 

.0006 

2  33  57.9 

19.(i24 

.084 

—0.0013 

—0. 1 1 1 

0. 1 13 

190.2 

D'.Al.  LZ2.  BZl,R4,Sjl 

S044 

8.2 

12  20.23 

3.0495 

.0(117 

4  43  .34.3 

19.625 

.083 

+0.0339 

—0.112 

0.519 

102.5 

LZ2.Pi.BZl.BB4,Sj2 

Sj..\ 

>(i.-,;< 

,-..2 

13  .58.47 

3.0503 

.(«I17 

4  41  57.2 

19.651 

.080 

+0.0040 

—0.082 

0. 102 

143.8 

Brl  1-6 

SI  174 

8.5 

19  .58.77 

3.0574 

.0015 

3  39    9.2 

19.749 

.069 

—0.0039 

—0.079 

0.098 

216.3 

LZ2.  BZ1.R2 

MlT'.l 

8.5 

20  58.81 

3.0573 

.0010 

3  45  5(!.9 

19.764 

.067 

—0.0010 

—0.115 

0.116 

187.4 

LZ2.  BZl.Kl.  Sjl 

SI  14 

8.3 

28  .58.72 

3.0674 

.(¥109 

1  31  24.2 

19.871 

.052 

+0.004 

+0.28 

0.29 

12.1 

LZl.  Lam a2,  BBl 

s|l.-, 

8.8 

29  13.27 

3.0618 

.0019 

3  21     7.1 

19.874 

.051 

+0.0O2 

—0.13 

0.13 

107.0 

BZ2.  Sj2 

S12I 

t;.o 

30    0.(!5 

3.0679 

.OOO!! 

1  24  .32.0 

19.883 

.0.50 

—0.0077 

+0.051 

0.120 

293.9 

Brl  2- 4 

s|;!2 

4.3 

33  31.30 

3.0589 

.0030 

4  .56  56.2 

19.921 

.043 

+0.0239 

—0.443 

0.570 

141.1 

Fund.  Oatalo^e 

S141 

5.0 

35  40.05 

3.0(595 

.0011 

1     5  31.7 

19.941 

.039 

—0.0101 

—0.165 

0.224 

222.5 

Brl2-0 

sum 

8.1 

41  20.04 

3.0057 

.0027 

3  28  55.0 

19.988 

.028 

+0.022 

—0.02 

0.33 

93.5 

LZl,  BZl.  K2         [Sjl 

sl(!4 

8.8 

42  40.47 

3.0092 

.0018 

1  44  24.0 

19.997 

.025 

+0.0644 

—0.947 

1.3,52 

134.5 

LZl.  BZl.  Laml,BB8. 

V.Sj 

S17II 

8.3 

43  38.15 

3.0080 

.0021 

2  10  34.4 

20.(K)3 

.023 

+0.027 

+0.19 

0.44 

(n.6 

Lam2.BBl 

SlilS 

8.3 

2;t  4'.l  10.20 

+3.(1091 

+0.(KI2N 

+2  4S  .57.9 

+20.032 

+<I.(113 

— O.01.53 

— 1).257 

(1.344 

221.7 

LZl.l'i.  BZ1.K-- 

Note  1.  No.  404.  This  star  may  lio  varialilc.  The  .VUiniiy  esti- 
mntos,  six  ill  numbei'.  \ary  from  s^'.O  to  (;«.5.  witli  tlie  iiu'i\u.7^..'!. 
The  I>iiirhmu.iliiiii„i  lias  8«.0;  I)'.\(ii:i.Kr.  I'ia/./.i,  Bksski,  ami  Hi  M- 
KKU,  each  7". 

Note  2,  No.  439.  The  value  of  «'  is  uncertain  i  from  BZ  it  is 
— 0".ll,  and  from  I<itmkp.r,  — 0".25. 

Note  3,  No.  504.     From  BZ,  //  =  +0-.012,  and  from  Sj,  — 0-.012. 


If  we  assume  that  BZ  ?;ives  tlie  H  .\.  1"  too  small.  imm  li/  ilu-n 
heeomes  — 0-.0O5.  and  — 0'.007  may  tie  regardeil  as  the  most  prohatde 
value  of  II.  In  the  uncertainly  it  a|i|>ean>  Iwst  not  to  as.sigu  the 
direction  and  amount  of  proper-motion. 

Note  4,  No.  070.  BussF.Kr  In  the  Intmduction  of  Uie  Paris  cata- 
logue gives:  li  = +O".O100.  The  1{..\.  of  LZ  is  proliabiy  1*  too 
sreat. 
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N"  200. 


Note  5,  No.  1842.  From  two  observations  of  BZ  we  liave: 
/i  =  +0".Oll,  iiiitl  from  Sj,  — 0".005. 

Note  (i,  No.  i511.     See  AslrniKuiiinil  Jiiiinuil,  No.  170. 

Note  7,  No.  2!)5H.  Tlie  Hiiirltmii^lfniii!/  gives  8.0  as  the  magni- 
tude of  tills  star.     The  live  All)aiiy  estimates  agree  well. 

Note  8,  No.  •t«44.  The  companion,  8'".4  at  (list.  8",  position-angle 
4°,  prol)al)ly  lias  tlic  motion  of  the  principal  star. 

Note  !),  No.  4772.  D'AiiKi.Ki's  declination  is  possibly  .".0"  too 
great. 

Note  10,  No.  49ir>.     Tliis  is  tlie  mean  of  a  close  double,  — 2'1819. 

Note  11,  No.  .")U4.  From  Lamont  results:  //  =  +0-.007:  from 
Lai.andk,  /i'  =  — 0".04.  'I'lic  |M-cipcr-ini>tiiin  iiuiNt  tliercfure  lie  re- 
garded as  quite  uncertain. 

Note  12,  No.  5551.  Kejectini;  Buadlev's  observation  we  should 
have  :  //  =  — 0«.004. 

Note  13,  No.  5592.  From  HZ  (2  obs.)  /i  =  — O-.OOl,  and  after  in- 
creasing Lamont's  R.A.  by  1",  from  Lamont  h  =  +0".008.  Bes- 
SEL's  observations  differ  0".47  in  R.A.  The  proper-motion  for  this 
star  is,  therefore,  quite  uncertain. 

Note  14,  No.  578(i.  From  Lamoxt,  fi'  =  — 0".44;  from  lii'MKicR, 
— 0".22.  Tlie  intervals  from  All)any  oljservations  are  n'spectiviOy 
33  and  40  years.  Tlie  observation  liy  Ki'mkkk  is  contained  in  the 
Xachtrarj  to  17''. 

Note  15,  No.  5952.  Tlie  R.A.  of  BZ  is  increased  1"  witli  //  from 
it,  — 0».013.     From  LZ,  «  =  — 0".007;  from  Lamont,  jt  =  — 0-.013. 

The  preceding  catalogue  fails  to  contiiin  Sj.  818r>.  Srii.ii'.i.- 
LEKUi'  as.sigus  a  proper-motion  in  R.A.  of  — O'.O.Jl)  ;  but  it 
is  probable  that  Bessel's  R.A.  is  1"  too  great,  and  Schjel- 
LEuup's  1"  too  small.  The  proper-motions  assigned  by  Grant 
to  Glasgow  numbers  1355  and  2326,  appear  also  to  liave  no 
existence,  since  they  are  based  upon  gross  errors  in  "Weisse's 


If  BZ  l)e  not  corrected  we  have  from  it,  ^  =  +0".005.  It  is  quite 
possiljle  that  this  is  the  more  correct  assumption,  and  tliat  //  is  very 
nearly  0\0()0. 

Note  10,  No.  51157.     /''  is  very  uncertain. 

Note  17,  No.  (5275.  From  BZ,  /i  =  +0".002 ;  from  Lamont,  — 0>.012 
( Jc;)  =  32  years),    /i  is  therefore  rather  uncertain. 

Note  18,  No.  0433.  From  Pi,  n'  =  — 0".12;  from  BZ,  — 0".10; 
from  Lamont,  0".08.  Assuming  the  declination  of  Lalani>e  to  be 
10"  too  great,  /i'  =  — 0".ll,  and  if  it  is  considered  to  lie  1.5"  too 
great,  u'  =  — 0".05;  from  Lai.ande  uncorrected,  /i'  =  — 0".23.  In 
computing  u'  Lai.ande's  r)  was  rejected. 

Note  19,  No.  0801.  It  was  assumed  tliat  Bkssei.'s  I{..\.  ouglit  to 
lie  diininislied  l";  from  it  without  correction  results:  fi  =  — 0'.021. 

Note  20,  No.  7141.  From  Bonn  VI  results:  //'  =  — 0".18.  No  use 
is  made  of  this  viilne. 

Note  21,  No.  7147.     This  is  the  mean  of  a  close  double. 

Note  22,  No.  7353.  It  is  quite  probaljle  tliat  the  motion  of  this 
star  is  equal  to  that  of  No.  7352,  with  whicli  it  is  associated  to 
form  22737. 

Note  23,  No.  737;!.     Tliis  is  the  mean  of  a  close  donlile,  2'2744. 

Note  24,  Ko.  7900.  From  LZ,  /t  =  +0'.0I2;  from  tlie  .\nu  Arbor 
position,  /I  =  +0".O12;  from  Sj,  +0".007;  from  BZ  uncorrected, 
li  =  — O».O01,  and  if  the  R.A.  of  BZ  be  diminished  1",  /;  =  +0'.01G. 
The  latter  is  proliably  the  correct  assumption;  but  in  tlie  compu- 
tation of  /i,  BZ  is  rejected. 

catalogue.  I  have  found  it  necessary  to  apply  large  syste- 
matic corrections  to  certain  zones  of  Lalande  and  Bessel 
{Astr.Jour.,'So.  195),  and  for  this  reason,  principally,  some 
of  the  proper-motions  computed  by  me  do  not  accord  well 
with  those  for  the  same  stars  published  in  the  Glasgow  and 
Paris  catalogues  and  elsewhere. 


NOTE   ON   THE   KING-NEBULA   IN  LYliA, 

By  a.  hall. 

In  the  summer  of  1877  I  measured  some  of  the  faint  stars  1  In  the  following  summer,  Mr.  A.  C.  Ranyard  of  Loudon, 
that  form  a  ring  round  this  nebula,  referring  the  positions  of  |  visited  the  Naval  Observatory,  and  I  find  by  our  observing- 
these  faint  stars  to  the  brightest  star  of  the  group,  which  is  I  book,  that  he  examined  this  nebula  with  our  26-inch  re- 
near  the  following  end  of  the  nebula  (Aatr.  Nachr.  2186).  I  fractor,  and  saw  a  small  star  near  the  center  of  this  nebula. 
At  that  time  I  could  not  see  any  star  inside    the  nebula.    '  This  was  on  August  23,  1878. 

Naval  Observatory,  1889  3far/  13.  

OBSEEVATIONS   OF   COMETS  cZ  AND  e  1889,   AT   THE  LICK   OBSERYATOKY, 

A  dispatch  from  Prof.  Hoi.den,  July  27,  gives  the  following  position,  obtained  at  the  Lick  Observatory,  of 
comet  e  1889   (Davidson,  JuIi/  22)  : 

1889  July  26.6822  Gieenw.  M.T.,         a  =  13"  29'"  36\6,         S  =  —22°  1'  13". 

Another  dispatch,  August  3,  states  that  Prof.  Barnard,  in  observing  comet  d  1889  (Brooks,  July  6)  on  the  night 
c!  Thursday,  August  1,  found  it  composed  of  three  separate  comets  all  within  three  minutes  of  arc;  that  the  discovery 
was  confirmed  on  the  next  evening ;  and  that  the  number  of  the  comets  perhaps  exceeds  three. 
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CORDOBA   OBSERYATIOXS   OF    v  ARGUS, 

By  .JOHN  M.  TIIO.ME. 


KiCMHuiit  cxMiiiiiiatioiis  of  this  object  (lining  the  years 
188.')  nad  18SG  siiowed  th:it  its  light  was  diminishing  by 
:i  gradual  Itut  almost  inappreciable  quantity,  and  it  had 
reachi-il  a  ["lint  midway  between  Buisbane  3204  (7". 5.5?) 
and  (ill. I. IS  1.332  (7". 78?)  in  .Inly  of  the  latter  year.  My 
attention  was  not  directed  to  it  again  until  the  night  of 
March  20,  1887,  when  I  at  once  noticed  a  change  in  its  ap- 
[K'arance,  more  like  that  of  a  dying  ember  that  had  begun  to 
glow  again  than  as  an  actual  ciiangc  in  brilliancy ;  of  which, 
however,  I  felt  confident,  tliougli  not  able  to  prove  it  con- 
clusively. A  few  weeks'  observation  were,  however,  suffi- 
cient to  convince  me  of  tlie  change,  and  there  has  since  that 
time  been  a  uniform  increase  in  brightness,  until  the  object 
is  now  easily  visible  to  the  naked  eye,  having  a  magnitude 
of  6.66,  or  a  shade  fainter  than  I/.\caii.i,k  4484. 

It  is  evident,  therefore,  that  the  change  took  place  before 


Lac 


March  20,  1887,  and  it  is  probalile  that  a  period  between 
the  last  observation  of  1886  and  this  one.  or  near  the  end  of 
the  year  1886,  would  closely  coincide  with  the  minimum  of 
light. 

Since  the  beginning  of  l.sss.  when  it  had  atUiined  a 
brightness  sullicient  to  bring  it  within  the  reach  of  our  pho- 
tometer (Zoi.i.NEu's),  I  have  made  various  attempts  to  fix 
its  magnitude  upon  the  scale  of  the  Uranomelria  Anjeutina, 
and  the  results  obtained  are  given  herewith.  The  object 
was,  however,  too  faint  for  our  glass,  especially  at  the  be- 
ginning of  the  series,  to  permit  of  entirely  satisfactory 
measures  ;  but  there  seems  to  be  no  indication  of  a  tluctu- 
ation  in  brightness,  which  is  in  accord  with  uiy  estiniates  liy 
sequences,  usijig  the  equatorial  (11-iuch)  and  Under. 

The  photometric  determinations  are  as  follows  : 


1888 

ISH!) 

\\n:  -i-. 

May  9 

May  ;iO 

.lune  2G 

Oct.  11) 

Mar.  Ill 

MaVJil 

■]nnc2:i 

Means 

i;.A. 

44  7il 

7.00 

6.96 

6.82 

6.94 

7.00 

- 

- 

- 

6.92 

7.0 

4448 

7.O.". 

7.04 

- 

6.90 

6.9I» 

- 

- 

- 

6.97 

6.9 

ArriOx 

6.i»8 

6.8.'. 

6.!)(l 

6.87 

6.77 

6.69 

6.66 

6.66 

_ 

Var 

4422 

6.87 

- 

- 

6.90 

- 

- 

- 

_ 

6.88 

7.0 

.14,')1 

- 

- 

6.81 

6.84 

6.80 

6.82 

6.80 

_ 

6.81 

6.8 

■14  H4 

6..".;) 

6.6.'. 

6. .'.5 

6.64 

6.60 

6.60 

6.60 

6.62 

6.60 

6.7 

44'j:i 

- 

- 

- 

- 

- 

6.ir. 

6.16 

6.48 

6.47 

6.7 

\'arious  attemj.ls  have  been   made  to  extend  tlie  scale  to  ^    ileterniiiieil    for    the    Iranouietry.     The    measures   were   all 
in(  lude  (iii.i.is  l;i;i2,  but  our  small  object-glass  (7(1  mm)  and  ]    made  at  the  .same  altitude,  as  nearly  as  possible,  ami  cor- 


the  poor  skies    have    hitherto   given   unsatisfactory  results. 
I'he  liinges  are  between  7". 78  and  7^.8;'). 

Uiiiing  the  year  188.5,  I  also  made  a  series  of  photometric 
determinations  of  the  magnitudes  of  the  brightest  stars,  with 
satisfactory  results^  The  Zoi.i.ni:i!  is  provided  with  n  planet 
telescope,  with  which  the  liglit  of  the  stars  can  be  stopped 
<lo\vn  to  a  convenient  <pniiitity,  and  it  is  easy  to  substitute 
another  tube  when  desired.  The  stars  were  divided  into 
groups,  each  having  two  or  three  stars  in  common  witli  the 
one  next  below;  and  tlie  last  group,  the  standard,  consisted 
principally    of  stars    whose   magnitudes   had  been   <'arefidlv 


rected  for  extinction  at  lower  ones.     The  resulting  magni- 
tudes are  given  for  the  brightest  stare  : 


a  Can.  .V(r/< 

ris 

—  IJ! 

rt  CnicLi 

0.93 

)i  Argds 

? 

a  Tauri 

1.08 

«  ('ari)iae 

—0.6 

It  Vi'rginU 

1.13 

It  Cenltturi 

0.0 

It  PisrLt  Aiislr. 

1.26 

i(  Hoolix 

-(-0.23 

a  loom's 

1.3.5 

jS  Orioiii.i 

0.34 

i  Orioniii 

1.74 

(t  Eriddiii 

0.48 

;■  Orion  i.i 

1.92 

(I  Can.  miiiori.t 

0.78 

(^  (h'ioni.i 

2.38 

ji  Centnttii 

0.85 

Of, 
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If,  tlicrcforo,  wc  lix  the  iiiiiiiiiiuni  of  r,  ^Ifv/rt.s  at  the  ciul 
of  18H6,  Willi  a  niagiiitude  of  7.G5.  and  its  niaxiinuin,  as 
given  I)y  Maci-kau,  in  181:5,  between  Sirius  and  Cunopitx, 
or — I.O,  approximately,  we  shall  Lave  a  range  of  8}  stellar 
magnitudes  (instead  of  6,  as  lieretofore  assnnied)  in  a  period 
of  43  or  44  years,  or  an  average  rate  of  nearly  ".•_'  inagiii- 
tude  per  year. 

Among  tlie  trustworthy  records  of  former  observations, 
we  lind  : 

Gii.i.is,         1  S.tO.  1 ,   r,  between  Ca/ioyjH.sand n  Centauri.  — 0.3  ? 
"  18.52.0,  r,  e(pial  to  a  Centauri,  0.0 

Hkksciiel,  1838?,    7}         "  "  0.0 

Macleau,    1843?,    ij  between  »S'm'(«s  and  (7aMo;»fs,      — 1.0? 

Fallows,    1822-26,  r,  2d  magnitude, 

probably,  1822,  2". 4  ;  1824,  2".0  ;  182(1,     l.C, 

BuRCnELL,  1827,      tj  equalto  «  Cn«c?.s',  1.0? 

BuRCiiELL,  1811-1.5,  Ti  4tii  magnitude, 

probably,  1811,  4". 4;  1813,  4". 0;  1815,     3.6 

Johnson,     1832,    r^  2d  magnitude.    Indefinite.    If  he  classed 
Sinus,  Canopus  and  a  Centauri  as  1st  magni- 
tude, his  second  might  begin  with  0*'.(>  of  this 
scale  ;  equal  to  a  Cants  minoris  for  instance. 
Cordohn.  1889  June  25. 


Lacaille's  2d  magnitude  in  1751,  and  HALLEY's'4tb  iu 
1677.  cannot  be  re<'iMi<-ile(I  except  upon  the  suj)position  of 
secondary  maxima,  or  of  errors  of  oliservatioii.  If.  as 
seems  pi'obable,  we  have  here  a  meteor  swarm  accompanied 
by  a  satellite  swarm,  Huctnations  in  brightness  about  maxi- 
iiiinii.  ;iri<l  a  regular  decline  while  apiiroaching  minimum, 
would  be  expectcil. 

I  append,  also,  the  estimates  made  by  Powell  and  Ti:n- 
BUTT,  without  knowing,  however,  what  their  comparison- 
stars  were,  nor  how  closely  the  scale  agrees  with  the  homo- 
geneous one  of  the  Uranomelria  Art/entina.  * 

Powell,  1856,  1*'.5(?)  ;   18;5!»,  3".0;  1861.  3».6. 

Tehiu;tt,  1862,  4"'.9  :  1863,  .5^.1  :  186.5,  .5". 2  :  1866, 
.5»'.8;   1867.5,  6".0  ;   1888.3,  7".0  {U.A.  scale). 

Cordoba,  1871,  6". 6;  1878,  7". 4;  1881,  7". o;  1885.0, 
7". 62;  1886. y,  7". 65:  1887.25.  increasing  ;  1887.3,  7". 6  ; 
18,S7.4.  7r5;  1887.5.  7^4  :  1.S87.6,  7". 2;  1888.1.  7».l; 
and,  as  above  ;  all  U.A.  scale. 

If  the  estimated  magnitudes  given  above  could  be  reduced 
to  a  homogeneous  scale,  especially  where  the  comparison- 
stars  are  named,  it  might  be  possible  to  deduce  an  approxi- 
mate period,  which  would  answer  until  a  now  maximum 
disproved  it. 


COIVIET  e  1889  (Davidsox), 

B.'VRNARD,  Astronomer  of  the  Lick  UitSERVATORy. 


The  telegram  announcing  the  discovery  of  this  comet 
was  received  on  July  25.  That  evening  it  was  easily  found, 
but  the  eye-end  of  the  12-iuch  being  away  for  repairs,  and 
the  comet  being  out  of  reach  of  the  other  telescopes,  no  ac- 
curate place  could  be  obtained.  However,  five  pointings 
with  the  finder  of  the  12-inch,  corrected  by  pointings  on 
y  Ilydrae,  gave  the  place  of  the  comet  pretty  closely, 
Mt.  Hamilton  M.T.  App.  a  App.  8 

(I      h    in         s  li        III      s  o  I 

July  25  9  8  53  13   19   9-  —24  46 

As  seen  in  the  finder  (3J^-inch)  the  comet  was  large  and 
bright,  with  a  bushy  tail.  It  was  easily  visible  to  the  naked 
eye,  appearing  as  a  large  oblong  nebulous  mass  as  bright 
as  a  Cth  magnitude  star. 

i)n  the  evening  of  July  26,  I  fitted  the  micrometer  by  a 
temporary  tube  to  the  telescope,  and  secured  the  positions 
of  July  26  and  29  given  below. 

On  July  30,  a  camera  box  and  large  portrait  lens  were 
strapped  to  the  telescope  tube.  With  an  eyepiece  magnify- 
ing 190  diameters,  which  was  provided  with  two  cross  wires, 
I  followed  the  nucleus  for  I*  30™  while  the  comet  was  ex- 
posed to  a  (Seed  No.  26  plate.  The  extremely  rapid  motion 
of  the  comet  iu  both  coordinates  required  the  instrument  to 
be  constantly  shifted  in  R.A.  and  Decl.  to  keep  the  image 
stationary  ou  the  plate. 

Upon  development,  the  picture  proved  to  be  very  success- 


ful ;  the  nucleus  was  sharp  and  round,  and  the  coma  strongly 
marked.  Upon  the  plate  the  tail  was  conspicuous  for  20', 
and  could  be  traced  with  certaiutj'  for  nearly  one  degree. 
It  was  fan-shaped,  and  somewhat  convex  toward  the  axis. 
The  accuracy  with  which  the  telescope  was  kept  ])oiuted  on 
the  nucleus  is  seen  by  the  sharpness  and  uniformity  of  the 
star  trails  — the  amount  of  motion  of  the  comet  being  strik- 
ingly shown  by  the  lengths  of  these  trails  (about  14'  long). 
A  number  of  standard  squares  having  been  impressed  on  the 
plate  from  the  standard  lamp  used  in  the  photometric  work 
of  the  last  solar  eclipse  (procured  for  the  Observatory 
through  the  kindness  of  Professor  Pickerixg,  and  exactly 
like  the  standard  lamp  of  the  H.C.O.),  gave  the  means  of 
determining  the  intrinsic  actinic  brilliancy  of  the  comet's 
light. 

The  brightness  of  the  comet  2'  or  so  from  the  liead  has 
been  compared  with  the  squares  by  Professor  Holdex.  and 
he  finds  the  intrinsic  brilliancy  of  the  comet's  actinic  light 
to  be 

0.000.000,15  units  of  the  S.L. 

The  full  moon  has  an  intrinsic  brilliancy  of  1.66  units, 
according  to  the  determinations  of  Mr.  W.  H.  Pickering; 
and  the  brightest  parts  of  the  corona  of  January  1889  had 
an  intrinsic  brilliancy  of  0.08  units,  according  to  the  results 
given  iu  the  Lick  Observatory  Report  on  that  eclipse. 

Hence  the  corona  of  last  January  was  at  least  500,000 
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times  l>iigliter  intrinsically  tliaii  liie  comet,  anil  the  full 
moon  is  at  least  10,000,000  times  brighter. 

These  photometric  results  still  require  correction  for  the 
absorption  of  the  lens,  which  has  not  yet  been  (letenuinetl, 
as  it  has  just  come  into  our  possession. 

On  July  26,  the  comet  was  more  coMspicuons  to  the  eye 
than  a  star  of  the  sixth  magnitude. 

On  August  1,  I  compared  it  with  the  naked  eye,  with  the 
great  nebula  of  Andromeda,  which  was  at  nearly  the  same 


altitude  in  the  east.     The  comet  very  much  resembled  the 

nebula  in  form  and  brightness,  but  was  perceptibly  less 
bright  and  smaller.  I  should  say  that  it  was  about  four- 
fifths  as  large  and  four-lifths  as  bright  as  the  nebula,  but 
the  sky  was  somewhat  luminous  with  the  moon,  which  was 
above  the  horizon,  and  near  the  comet. 

At  most  the  comet  has  been  slightly  inferior  in  size  and 
brightness  to  the  great  nebula,  and  singularly  like  it  in  form. 

The  following  are  the  observations  so  far  obtained. 


OHSKRVATIOXS   OF   COMET  e  1889  (iJAVWflOy), 

MAi>K   wrrn   the   12-inch  equatokiai,  ok  the  lick  obsekvatokv. 

By  E.  E.  BARNARD,  Astuoxomkr. 


1889  Mt.  Hamilton  M.T. 

* 

No. 
Com  p. 

Ja 

-* 

.^8 

^'s  apparent 

8 

logpA 

for  a     1     for  ij 

July  26''   8''ln"'52' 

29     8  55  41) 

Aug.    5     8  36   17 

1 
2 
3 

9  .  8 
12  ,  6 
23  .  8 

+  o"'l5.'75 
—0     2.54 
+  0     0.24 

+  1  53.1 
+  1   27.9 
—1  35.4 

13  29  36.57 

13  58  37.66 

14  48  11.66 

—22     1   13.5 
—13  36  30.9 
+   2  12   12.2 

9.566  1  0.831 
9.583      0.793 
9.502      0.712 

Mean  Places  for  1889.0 

of  Comparison- Stars. 

* 

a 

Heel,  to 
app.  place 

8 

Red.  to 
app.' place 

Authority 

1 
2 
3 

13  29  20.38 

13  58  39.45 

14  48  10.47 

+o!44 
+0.75 
+0.95 

—22     2  59.4 
-18  37  55.1 
+  2  13  44.2 

—7.2 
—3.7 
+3.4 

BonnVI,  — 21°46 

Lament  1456 

Comp.  with  W.B.  14''885 

W.Ii.  Iti'8H5,  — 5(:3  =  — ()'"  22".03,  — 22' 0".(!. 


SOLAR   0BSERVATI():N^S  at   SIIATTl^CK  OBSERVATORY, 

Bv    EDWIN    B.    FROST. 
I.     Obseuved  Spots. 


No.  of 

No.  of 

No.  of 

No.  of 

No.  of 

No.  of 

No.  of 

No.  of 

1889 

E.S.C.T. 

Groups 

Spots 

New  Gr'ps 

New  Spots 

1889 

E.S.C.T. 

Groups 

Spots 

New  Gr'ps 

New  Spots 

Feb.     1 

h         III 

11    -15 

4 

1 

\ 

M:iV       5 

16"    o"" 

1 

1 

1 

25 

11    30 

4 

1 

4 

f; 

11    15 

1 

0 

0 

26 

12    So 

■6 

0 

2 

7 

10      0 

3 

0 

2 

28 

14    45 

10 

0 

4 

H 

11     30 

7 

0 

4 

Mar.      1 

12      0 

3 

0 

0 

9 

10    40 

3 

0 

0 

tl 

M     1.-. 

•_' 

a 

2 

.1 

June   15 

17      0 

1 

1 

1 

i;! 

11  ;i() 

■> 

8. 

1 

3 

1(! 

15      0 

2 

1 

1 

II 

11       0 

•> 

8 

0 

I) 

17 

17    60 

6 

0 

4 

It; 

17      0 

2 

0 

(1 

IS 

13    50 

6 

0 

0 

April    4 

12      0 

1 

1 

I'.t 

11      0 

9 

0 

.! 

0 

11    30 

0 

(» 

20 

12    30 

6 

0 

0 

6 

13    45 

0 

() 

21 

14    30 

8 

0 

■>        ' 

7 

13   :iO 

0 

0 

•-'•.' 

14     1.'. 

12 

II 

i! 

8 

11    ;!(! 

0 

0 

■.':i 

K!    3.-. 

1.". 

II 

:; 

10 

13    30 

0 

0 

27 

12    3.-> 

1 

0 

0 

11 

9    50 

4 

1 

.-! 

:io 

17    40 

1 

1 

1 

16 
17 

11  l.-) 

12  0 

1 

0 

1 
0 

July       1 

10    30 

I 

0 

0 

Totals 

35  days 

43 

145 

12 

55 

The  hours 
reckoned  frt 
torial  is  9.4 


are  expressed  in  Eastern  Standard  Civil  Time,* 
im  mean  midnigiit.     The  aperture  of  the  equa- 
inehes,  and  the  magnifying  power  of  t[ie  eye- 
»i.«'.,Greeiiwlcli  M.T.,  loss  6''. 


piece  is  50.     The  observations  are  made  on 
image,  which  has  a  diameter  of  from  20.6  to  2 
observations  of  April  5-10  and  May  5  and  7  ar 
of  the  college. 


the  projectetl 

1 .0  em.     The 

by  students 
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II.     Approximate  Heliographic  Latitdde  and  Longitdde  of  thk  C'iiiki    Si-ot  ok  Each  Observed  Group. 


(J  roup 
Number 

No.  of 
Spots 

1881) 

E.S.C.T. 

;i 

/ 

Group 
Number 

No.  of 
Spots 

1889 

E.S.C.T. 

k 

1 
I 

1 

4 

Feb.     1 

11    45 

S  7.5 

32'8 

7 

3 

April  1 1 

9    50 

S14.2 

204.6 

2 

4 

25 

11    30 

S  9.2 

114.7 

8 

1 

16 

11    15 

S    6.4 

224.4 

•> 

10 

28 

14    45 

!S  8.8 

113.5 

'.• 

1 

Mav      G 

12      0 

N  0.96* 

217.12* 

2 

3 

Mar.     1 

12      0 

S  9.5 

112.9 

;t 

1 

8 

12      0 

N  0.29* 

218. 52* 

.'} 

11 

M    45 

N  .    . 

10 

1 

Jmif    1!) 

11     15 

.S    5.87* 

29.96* 

4 

1-1 

14      0  ] 

N  2 

312 

i(t 

•> 

2(1 

12    30 

S    6.13« 

29.64* 

4 

k; 

17      0) 

1(1 

\:, 

2.') 

k;   35 

S   5.1 

32.8 

14 

14      0 

S  12 

319..'. 

11 

1 

2(1 

12    30 

S    fi.l7» 

21.06* 

6 

April    4 

12      0 

N  5.5 

315..S 

1-.' 

1 

30 

17    40 

S3'J.8 

2.50.0 

6 

8 

11    30 

N  5.9 

310.5 

12 

1 

July     1 

11    30 

S42.41* 

250.07* 

The  values  of  /.  aud  I  were  obtained  from  measureiiieut  of 
the  diagrams  of  the  projected  image.  Of  course  any  error 
in  orientation  will  enter  into  the  result,  so  that  the  values 
given  cannot  pretend  to  any  great  accuracy.  I  iiave  given 
the  results  for  the  same  spot  on  different  days,  however,  in 
order  that  an  idea  may  be  gained  of  their  consistency.  Those 
marked  with  mm  asterisk  were  obtained  by  Cauuincton's 
method,  anil  arc  U>  be  considered  quite  accurate.  The  fac- 
tors for  reduction  were  taken  from  the  "Companion  to  the 
Observatory."  Of  the  12  groups,  4  are  north  of  the  equator, 
comprising  17  of  the  55  observed  spots.  The  mean  latitude 
of  tiie  north  spots  is  only  about  3°,  while  that  of  the  southern 
is  nearly  13°. 

iii.    oljsekvations  on  the  foli.owiso  dates  showed  neither  spots,  nou,  except  is  cases  indicated  by  the  letter/, 

Bright  Facllae. 


The  last  spot  on  the  list  was  first  observed  late  in  the 
afternoon  of  .June  30,  not  having  been  visible  on  the  previ- 
ous day,  and  cannot  be  classed  as  a  •'  veiled  "  spot.  It  had 
a  conspicuous  umbra,  but  no  penumbra,  and  was  inde- 
pendent of  any  faculae.  A  diagram  was  hastily  made,  and 
on  the  ne.\t  morning  its  position  was  more  accurately  ob- 
tained by  C'ARRiNtiTON's  uiethod,  although  clouds  interfereil 
considerably.  The  spot  was  barely  visible  at  15''  (.July  1), 
and  had  disappeared  an  hour  later.  This  spot  is  to  be  con- 
sidered as  evidence  that  the  minimum  is  nearly,  if  not  quite, 
reached. 


1889 

h 

lU 

18S9 

h 

m 

18S9 

h      •    m 

1889 

a 

111 

1881) 

1" 

111 

1689 

h 

Jan.  8 

12 

30 

Feb.  15 

16 

15 

Mar.30 

14    40 

Apr.  2  7 

11 

lo 

May  18 

11 

•J./ 

June  4 

16 

30 

18 

15 

0 

20 

14 

0 

Apr.  13 

16    15 

30 

17 

20 

19 

12 

45 

5 

14 

40 

19 

12 

0 

21 

12 

15 

14 

14    50 

Mav  3 

17 

20 

22 

11 

0 

6 

11 

20 

20 

11 

50 

Mar.  4 

12 

Of 

15 

12    30 

4 

12 

10 

23 

13 

20 

1 

11 

30 

22 

10 

45 

21 

14 

55 

18 

12      0 

11 

11 

00 

24 

17 

-15 

'J 

IV 

\:> 

23 

15 

30 

22 

14 

30 

lit 

11    20 

12 

12 

30 

25 

11 

0 

10 

11 

0 

25 

15 

30 

23 

17 

0 

20 

1 :)    1 0 

13 

13 

30 

28 

10 

() 

11 

11 

30/- 

Feb.  4 

14 

30 

24 

8 

10 

21 

14    20 

14 

18 

0 

29 

12 

l.'i 

13 

11 

30./- 

9 

15 

0 

25 

8 

30 

9-? 

13    30 

15 

13 

lor 

31 

15 

0 

14 

12 

0 

13 

12 

;io 

26 

12 

30 

23 

11     15 

16 

16 

30 

June   2 

12 

30 

28 

12 

30 

14 

12 

30 

29 

13 

30/- 

26 

14      0 

17 

11 

50/ 

3 

13 

45 

29 

12 

30 

66  days 

'i"he  first  observation  of  the  above  list,  I  made  with  the 
9-inrh  Princeton  equatorial,  through  the  courtesy  of  Prof. 
Youxc;.  The  observations  of  Jan.  25,  Feb.  4  and  9,  May 
12  and  19,  and  June  2,  were  made  by  students.  On  April 
20  and  27,  I  saw  extremely  minute  pinules,  —  too  small 
to  be  called  spots.  The  longest  interval  without  a  spot  is 
from  May  9-June  15,  37  days. 

Daitmouth  College,  Hanover,  N.H.,  1889  Jtdy  8. 


The  spectroscope  was  used  in  observing  prominences  on 
41  days. 

Seven  observations  in  March,  with  rather  poor  seeing, 
showed  no  prominences  over  15"  in  height.  Eleven  obser- 
vations in  April  give  a  mean  number  of  prominences  per 
observation  2.3.  From  tliirteeu  observations  in  May,  and 
eight  in  .June,  the  mean  numbers  are  respectively  3.5  ami  1.1. 


TWO   HUNDKED  EJGHTY-FIFTH  ASTEROID.* 

A  planet  of  the  thirteenth  magnitude  was  discovered  by  Palisa  at  Vienna.  August  3.     Its  position  was 
1889  Aug.  3.4972  Gr.  M.T.         a  =  22''  13"'  52'.9,         8  =  —9°  1'  23".  Daily  motion,  —36*  in  a.  and  7'  southward. 

*  Printed  in  a  Supplement  issued  with  No.  200. 
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TWO   IITTNDRED  ETGIITY-STXTH  ASTEROTD.* 

A  planet  of  the  tliirtceutli   iniigiiitiidf  was  discovered   by  Chaicuiis  at  Nice,   August  3.      Its  [tosition   was 
1889  AiK'.  3.1917  fir.  M.T.         «  =  21''  23"'  24".5,         d  =  —13°  4'  22".         Daily  motion,  —GO-  in  «,  and  1'  northward. 


OBSERVATIONS    OF    COMET  tZ  1S80  (BROOKS,  J>,i;,  6)* 

MAl>K  WITH  TIIK  l.'i-INCII  KQUATOUIAI,  OF  TIIK  H.tltVAItl)  COI.I.KGB  OIlSKItVATOItV, 

By  O.  C.  WENDELL,  Assistant. 
[Coramunicatert  by  Prof.  Edward  C.  Pickekisg,  Director.] 


1889  Greenwich  M.T. 

* 

No. 
Comp. 

-* 

j8 

^'8  apparel II 

1       s 

Tor  a          tor  6 

July  20  17  55  48 

23  17  50  57 

24  16  53     1 

25  17  49  32 

1 
2 
2 
2 

5 
5 
5 
5 

— 2"'l3!92 
+  0  25.47 
+  1     4.54 
+  1  45.89 

+  2  20.9 
—2     7.1 
+  2   16.8 
+  6  53.6 

23  57"    2^75  1  —7°  51     9.1 

59   16.06   i  —7  36  50.7 

23  59  55.16      —7  32  26.7 

0     0  36.54   .  —7  27  49.8 

H9.472  1  0.816 
719.461     0,816 
H9..i57     0.805 
n9.450     0.816 

Mean  Places  for  1S89.0 

of  Comparison- Stars. 

* 

a 

Red.  to 
app.  place 

s 

Ked.  to 
app.  place. 

Authority 

1 
2 

23"59"l5'.37          +l'.30 
f +1.39-) 

23  58  49.20       \  +1.42  - 
(+1.45) 

—7°  53  4l".0          +ll''o 
f +11.4) 

—7  34  55.0      '-   +11.5  V 
(+11.6) 

Schjellerup  9984 
Weisse's  Bessel  23"  1 1 70 

EPHEMERIS   OF 

By  W.  W.  C 
The  morning  appearance  of  this  comet  was  noted  here 
•Inly  22,  but  there  was  insutlicieut  time  to  lix  its  position. 
From  an  observation  made  on  July  25  the  corrections  to  ray 
ephcmeris  in  Astr.  Jour.  197,  were  found  to  be  — 6'  and 
— I'.iS.  The  following  continuation  of  that  epliemeris  will 
therefore  represent  the  path  of  the  comet  siillicicntly  well 
for  purposes  of  observation. 


COMET  b  1S8*»,* 


KrilKMKUIS    KOI!    (iUF.ENWICll    MkAN    T 

18S9  A|.p.  a  App.  ,f  Wj.  r  1 


'- A 


Aug.    ().5 

5 

1 

41 

+  M 

53.2 

0.3731 

0.1300 

8.5 

,) 

0 

34 

8 

35.8 

0.3746 

0.1210 

10.5 

4 

59 

19 

8 

17.7 

0.3  75H 

0.4  LSI) 

12.5 

4 

57 

58 

/ 

58.8 

0.3771 

0.4128 

14.5 

4 

56 

29 

/ 

39.1 

0.37.S1 

0.1067 

16.5 

4 

54 

52 

7 

18.5 

0.37;t7 

0.100.') 

IS. 5 

4 

53 

.s 

6 

57.0 

0.3.S11 

o.:!;iii 

20.5 

1 

51 

11 

6 

31.5 

0.3.S25 

0.3S76 

22.5 

1 

i;t 

l-J 

6 

11.0 

0.3.s;(;i 

0.3.S10 

24.5 

1 

47 

0 

5 

u;.\ 

0.3851 

0.3712 

26.5 

1 

11 

.•!7 

5 

20.  S 

0.3S6'.t 

0.3673 

28.5 

1 

\> 

1 

I 

51.0 

0.3.S.S4 

0.3Ci01 

30.5 

4 

39 

19 

1 

2C.0 

0.3S".t9 

0.;'.533 

Sept.    1.5 

4 

36 

23 

3 

56.9 

0.3911 

0.3  l(! 2 

3.5 

4 

33 

14 

3 

26.4 

0.3930 

0.33'Jl 

.')..) 

4 

29 

51 

+  2 

54.7 

0.3;i|6 

0.3319 

Ann  Arbor,  1889  AiKjnst  .!. 


\\r. 
0.92 

0.96 

1.01 

1.05 

1.10 

1.16 

1.22 

1.29 
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AMPBELL. 

1889 

App.  „ 

App.  (S 

loiir 

log  A 

Br. 

Sept.    7.5 

4   26    16 

+  2  21.7 

0.3962 

0.321.S 

1 .35 

9.5 

\   -li  27 

1    47.3 

0.3979 

0.3177 

11.5 

4    IS  22 

1    11.7 

0.3995 

0.3107 

1.42 

13.5 

4   14     2 

+  0  34.6 

0.4012 

0.303S 

15.5 

4     9  29 

—0     3.7 

0.4029 

0.2970 

1.49 

17.5 

4     4  39 

0  43.3 

0.4046 

0.2905 

19.5 

3  ;)9  33 

1    24.1 

0.4064 

0.2841' 

1.55 

21.5 

3  54   10 

2     6. 1 

0.40«1 

0.2782 

23.5 

3  4«  32 

2  49.2 

0.4099 

0.2725 

i.r.i 

25.5 

3  42  37 

3  33.2 

0.4U7 

0.2672 

27.5 

3  36  27 

4    17.8 

0.1135 

0.2623 

1.66 

29.5 

3  30     2 

5     3.1 

0.4153 

0.2579 

Oct.      1.5 

3   23  22 

5   48.9 

0.4171 

0.2.541 

1.70 

3.5 

3    16  28 

6  34.8 

0.4189 

0.2.509 

.•)..> 

3     ;i   23 

7   20.5 

0.4208 

0.21H3 

1.70 

7.5 

3     2     7 

8     5.'l 

0.4227 

0.2461 

;i.5 

2  :y\   41 

S  50.6 

0.4215 

0.2451 

1.71 

11.5 

2  17     7 

9  31.4 

0.4264 

0.2446 

13.5 

2  39  28 

10   17.0 

0.1283 

0.2449 

1.68 

15.5 

2  31    45 

H)  .5S.1 

0.4302 

0.2459 

17.5 

2  23  5!l 

11   37.5 

0.4321 

0.2477 

1.63 

19.5 

2    16   14 

12    l.'.«0 

0.4340 

0.2501 

21.5 

2     .s  32 

—  12   50.3 

0.4360 

0.2534 

1 .56 

{Cornu-t 

"o„  .-  —  An 

erroiieous  \ 

altic  of  tin 

'  unit   w 

IS  em- 

ployed  ill 

computing 

the   briulilness   for   th 

e   epheni 

•ris   in 

A.ftr.  Jiiiii- 

i;.7.1 
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OCCJULTATION^  OF  JUPITER,   1889   SEPTEMBER  3, 

Uy   WILLIAM  HKLI.AMV. 
Tliu  afiDiiipaiiviiiji  hililu  <;ivus,  for  places  III  iiilciviilt.  of  4°  1        The  lir.st  contact   of  the  disks  i)icc<'(les  alioiit  one  iiiiiiute, 
ill  latitude  and  5'^  in  lon<>itude,  the  Greenwich  mean  times  of      and  the  (irst  occultation  of  a  satellite  (the  third)  precedes 
immersion  and  emersion  of  Jnpitefs  center ;  also  its  angle      about  fifteen  minutes,  the  time  of  occultation  of  the  center. 
from  the  north  point  of  the  moon's  disk  at  emersion.  | 

Immersion. 


Longitude  West  rnoM 

Greenwich. 

Lat.  N. 

125° 

120° 

115° 

110° 

105° 

100° 

95° 

90° 

85° 

80° 

70° 

~o 

h       m 

h      Ml 

h       in 

h     111 

h       III 

ii      III 

h       111 

ii     111 

ii     III 

b       m 

46 

13  25 

13  31 

13  37 

13  44 

13  52 

14     0 

14     9 

14   17 

1426 

14  33 

14  41 

14    48 

42 

26 

32 

38 

46 

54 

3 

12 

22 

31 

40 

49 

56 

38 

30 

34 

41 

49 

0/ 

7 

17 

27 

37 

47 

57 

34 

40 

46 

53 

14     2 

13 

23 

35 

46 

58 

15   11 

30 

11 

21 

33 

46 

15     0 

Emkrsion 

Lat.  N. 

Longitude  West  from  Greenwich.                                                                       i 

125° 

120° 

115° 

110° 

105° 

100°           95° 

90° 

85° 

80° 

75° 

70° 

o 

II        111 

ll       III 

h       111 

h       111            ll       III 

h        in 

h       in 

ll     III 

46 

14  29 

14  38 

14  47 

14  56 

15     5 

15  13  ;   15  20 

15  26 

15  32 

15  36 

15  39 

15  42 

42 

25 

36 

46 

56 

6 

14  :         22 

28 

34 

38 

41 

43 

38 

19 

32 

'  44 

55 

a 

14            23 

30 

35 

38 

41 

34 

25 

39 

52 

3 

13 

21 

28 

33 

36 

35 

30 

14  58 

9 

17 

23 

25 

Angle  from  North  Point. 


Lat.  N. 

Longitude  We§t  from  Greenwich. 

12.5°           120° 

115° 

110° 

105° 

100° 

95° 

90° 

85° 

80° 

75° 

70° 

46° 
42 
38 
34 
30 

248° 
241 
231 

252 
245 
236 
224 

254° 
248 
240 
230 

255° 
249 
242 
232 

255 
249 
242 
232 
220 

254 
248 
241 
231 
218 

253 
246 
238 
228 
215 

250° 
243 
235 
224 
209 

247 
239 
■     230 
218 
199 

243. 
235 
224 
210 

238 
229 
217 
199 

233 
223 

ORBIT   OF  COMET  e  1889  {DAVIDSON)* 

By  T.  H.  SAFFOKI). 


The  elements  below  were  computed  from  the  observations 
of  July  22  and  26  (pp.  56  and  64),  and  the  following  ad- 
ditional position  by  Barn  Aim  at  the  Lick  Observatorj' : 


1889  Aua-.  5.6964  Gr 


M.T. 

14"  48'"   W 


S  =   +-2°   12'  12" 


Elements. 
T  =  1889  Jul>;  19.1638  Gr.  M.T. 
CO  z=  345°  43'. 6.2 
Q,   =  286      6.11 
/  =     66    14 .66 
log  9  =  0.01692 

(C— O),     Jlcos,^,  +V.-2,     J^,  +2'.l 


Equatorial  Coordinates. 

X  =  )■  (9.67774)  sin('w4-  21  21.07) 
y  =  J- (9.96353)  sin(v+239  10.97) 
a  =  r  (9.98375)  sin(w+322  20.18) 

Ephemekis  for  Greenwich  Midnight. 


1889 

a 

t^ 

Br. 

ugust    7 

14   58.0 

+ 

5   19 

0.49 

11 

15   16.7 

11     1 

0.37 

15 

15  32.1 

15  23 

0.27 

19 

15  45.2 

18  46 

0.21 

23 

15   56.7 

21   26 

0.16 

27 

16     G.9 

23  35 

0.13 

31 

16  16.2 

+ 

25  20 

0.10 

Light  at  discovery  =   1. 


'Printed  in  a  Supplement  issued  with  No.  200. 
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ELEMENTS  AND   EPHEMERTS   OF   COMET  e  1880  (DAVlDSOy)* 


Bv  WIIJ.I.AM  nKI,I..\.MY. 


Computed  from  tlie  Australian 
tlio.se  made  at  the  Lick  Observator 


position  of  July  22.  am 
\'  Julv  26  and  Aw'.  ■'>. 


KriiE.MEKis  FOR  Gkeexwich  Time. 

a  H  logr         log  A 


Aug.  13.5 

15   24  44 

+  13  20 

0.0504 

9.7758 

0.33 

T  =  1889  July  19.15;;2  Gr.  M.T. 

15.5 
17.5 

32     7 
38  54 

15  23 
17   11 

0.0554 
0.0606 

9.8015 
9.8264 

0.28 
0.25 

ft)  =  345°  42'  39") 
Q   =  286       5    46-.  '  1889.0 
i  =     66     14    52   3 

19.5 

45  14 

18  46 

0.0660 

9.8503 

0.22 

21.5 

51     9 

20   11 

0.0716 

9.8729 

0.19 

23.5 

15  56  42 

21   27 

0.0773 

9.8947 

0.17 

log  q  =.  0.01690 

25.5 

16     1   58 

22  35 

0.0832 

9.9155 

0.15 

27.5 

6  58 

23  34 

0.0892 

9.9353 

0.13 

29.5 

11   45 

24   29 

0.0954 

9.9542 

0.12 

(C— 0),     j;.  cosp\  +1'.0,     J|i,  +2'.l 

31.5 

16    16   21 

+  25   18 

0.1016 

9.9723 

0.11 

sler,  Mass.,  1889  August  8. 

After 

the 

appearance  of 

tlie 

above   in 

the   Supp 

lenient 

to  No 

200, 

U.L 

elements  were    si 

ightly  im 

jroved,  an< 

the 

epiieiiicris 

is  here 

continued. 

ErnEMEHi.'- 

FOR 

[iuKKNWKii  Time. 

ISSil 

« 

» 

log  )• 

log  A 

Br. 

1H8!) 

1 

« 

(V 

l„g  ,• 

l"S  A 

Br. 

Sept. 

30.5 

>> 
17 

16 

lo' 

+  32° 

15 

0.1971 

0.1685 

Aug.  31.5 

16 

kT 

if 

+  25 

24 

0.1012 

9.9707 

.102 

Oct. 

2.5 

19 

56 

32 

31 

0.2033 

0.1782 

.024 

Sept.     2.5 

21 

10 

26 

9 

0.1075 

9.98H1 

4.5 

23 

43 

32 

46 

0.2095 

0.1876 

4.5 

25 

;!() 

26 

50 

0.1139 

0.0016 

.082 

6.5 

27 

31 

33 

1 

0.2156 

0.1967 

.021 

6.5 

29 

42 

27 

28 

0.1203 

0.0201 

8.5 

31 

19 

33 

15 

0.2216 

0.2055 

8.5 

33 

49 

28 

2 

0.1267 

0.0356 

.067 

10.5 

35 

9 

33 

29 

0.2276 

0.2141 

.019 

10.5 

37 

51 

28 

34 

0.1331 

0.0501 

12.5 

38 

59 

33 

43 

0.2335 

0.2224 

12.5 

41 

49 

29 

4 

0.1396 

0.0641 

.05.3 

14.5 

42 

50 

33 

56 

0.2394 

0.2305 

.017 

14.5 

45 

44 

29 

31 

0.1460 

0.0775 

16.5 

46 

43 

34 

9 

0.2452 

0.2384 

16.5 

49 

37 

29 

56 

0.1525 

0.0904 

.046 

18.5 

50 

36 

34 

22 

0.2510 

0.2460 

.014 

18.5 

53 

27 

30 

20 

0.1590 

0.1028 

20.5 

54 

31 

34 

35 

0.2567 

0.2535 

20.5 

16 

57 

16 

30 

42 

0.1654 

0.1147 

.039 

22..') 

17 

58 

27 

34 

47 

0.2623 

0.2608 

.013 

22.5 

17 

1 

1 

■.',\ 

2 

0.1719 

0. 1  262 

24.5 

18 

2 

24 

34 

59 

0.2679 

0.2680 

24.5 

4 

50 

31 

22 

0. 1  782 

0.1373 

.033 

26.5 

6 

23 

35 

12 

0.2734 

0.2750 

.011 

26.5 

8 

37 

31 

40 

0.1. SI  5 

0.1480 

28.5 

10 

'2.^ 

35 

24 

0.2789 

0.2818 

28.5 

17 

12 

23 

+  31 

58 

0.190.S 

0.1584 

.028 

30.5 

l.s 

14 

26 

+  35 

37 

0.2.S4.! 

0.2S,S5 

.1110 

EPIIIOIMKIMS   OF   VARIABLES   OF   THE   ALGOL-TWi:. 

.Vpproxiinatu  (ireeiiwich  M.T.,  1889. 


For  ri'Uiar 

vs  and  (•<)ni|)arison-stars,   see  Vol.  \'ll,  p.  187 

foil. 

Se 

)leuiber 

September 

.S 

eptem 

b.T 

.•^i 

>pleniber 

October 

l^  Ophiiichi 

l'   16' 

y  Cygni 

9   16 

Ali;ol 

ill 

11 

)■(  vitiii 

21'  16" 

Algol 

d    "     b 

3   16 

1'  Opliiiu-lii 

2   13 

U  Cepliei 

9   17 

5  Cancri 

16 

23 

{i  Lilu-ae 

25   11 

('  Coronae 

3   16 

I'  Coioiiae 

2   14 

Algol 

10   17 

r'Ophiiiehi 

17 

15 

v*f  Cancri 

26   11 

1'  Cygni 

3   16 

/.  Tauri 

2  22 

).  Tauri 

10    20 

<N  Librae 

18 

11 

).  Tauri 

26   15 

1'  Ophiuchi 

4     9 

f'Ophiuchi 

3     9 

a  Librae 

11     12 

1'  Opiiiiichi 

18 

11 

y  Cygni 

27    16 

A  Taiiri 

4    13 

I'Cvgni 

3   16 

U  Ophiiichi 

12    14 

I'Cygiii 

18 

16 

['  Ophiuchi 

28   12 

r  Cepliei 

4    15 

.N  Librae 

4    12 

rCvgni 

12    16 

).  Tauri 

18 

17 

A'(  aui>  Maj 

28   13 

6'  Cancri 

5  22 

r'Cephei 

4    17 

Ji  CJiiiis  Maj 

12    17 

('Ophiiichi 

19 

7 

('  Opiiiiichi 

•     29     9 

Aliiol 

6   12 

I,'  Caiiis  .M:ij. 

4    18 

(!^  Ophiiichi 

13    10 

(/Cephei 

19 

16 

U  Cephei 

29    16 

A'  Caiiis  Maj. 

G   12 

/i'  Canis  M.'ij. 

5   21 

Algol 

13   14 

li  Canis  I\Iaj 

.     20 

16 

R  Canis  ^laj 

29-  18 

y Cygni 

6   16 

I'Cvgui 

6.  16 

Ji  Canis  Mn] 

13   20 

y  Cvgiii 

21 

16 

}.  Tauri 

30   14 

7i*  Canis  Maj. 

7    15 

r'OJiliiu.lii 

6  17 

{/■()lihiii<-lii" 

1  1      7 

A'  Cajiis  .Maj 

.      21 

19 

1'  Cygiii 

30   16 

).  Tauri 

8   12 

).  Tauri 

6  21 

f/(;epliei 

1  1    17 

T'Opliiiichi 

22 

16 

]{  Canis  Maj 

30  21 

r  Ophiuchi 

8    14 

ropiiiut'iii 

7   13 

).  Tauri 

11    l;i 

I  'I'aiiri 

22 

16 

Jt  Canis  Maj. 

8  1S» 

r'Opluuehi 

8   10 

Y  Cy!;;iii 

1.".   \i\ 

U  Ophiuchi 

23 

12 

October 

Algol 

9     9 

(/  Coroiiae 

9   12 

U  Coronae 

1  ti      9 

(/  Cephoi 

24 

16 

r  Ophiuchi 

3   13 

('■  Ophiuclii 

9   10 
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T  11  K     A  S  r  K  ()  N  (J  M  I  C  A  I.     ,i  ()  I    U  N  A  1, 


OBSERVATIONS  OF  COMETS, 

MAI>i;    Al     IIIH    U.S.    NAVAI.   OllSKUVATOItY    WITU   TlIK  '.).li-IXCll    KQUATOKIAI,, 

Hy  I'hof.  K.  FKISHV. 
[Coniniuuicated  by  the  Superinteiiilent.] 


N"  201. 


1889  Washington  M.T. 

* 

No. 
Comp. 

S^'a  apparent 
a           I 

8 

log  PA 
for  a      1     for  i) 

Ob^. 

CoMKT  e  1889 

Aui<.    7   10  10  56.4 

8   10  18  34.9 

12  10  26  57.8* 

12  10  26  57.8 

16   10  18  31.5 

1 
2 
3 
4 
5 

20  ,  4 

20  ,  4 

11  ,  3 

9  ,  3 

5  ,  1 

—4 

+  3 
—3 

1     +0 

50.73 
57.71 
51.13 
40.27 
19.66 

—4  47.3 
+  3  53.9 
—4  49.9 
+  2  47.4 
+  7     6.0 

14  58  42.78 

15  3  45.63 
15  21   27.65 
15  21   28.64 
15   36    13.52 

+    5 
+    7 
+  12 
+  12 
+  16 

32 
7 
25 
25 
30 

57.8 
13.0 
44.6 
46.2 
14.5 

9.621, 
9.628 
9.645 

9.642 

0.717 
0.711 
0.688 

0.6.54 

F 
F 
F 
F 
F 

Aug.  19   10    5  49.6 

6 

10  ,  2 

1     +0 

Comet e  1888 f 
■2AC>    1    —5  50.8   1    19     3  22.66 

—  6 

19 

36.8 

9.057 

0.794  1  F 

Comet  d.  1889 

Aug. 19  11  26  16.7 

7 

20  ,  4 

•) 

3.75    1    +2  31.4 

0     8     9.45 

—  6 

10 

22.2 

M9.489 

0.784  1  F 

Mean  Places  for  1889.0 

of  Comparison- Stars. 

* 

a 

Red.  to 
app.  place. 

8 

Keil.  to 
app.  place 

.Vutliority 

1 

U     3"  32^62 

+  0^91 

+  5°  37  40.3 

+   4.8 

Grant  3732 

2 

15     6  42.43 

+  0.91 

+73   13.7 

+   5.4 

Lament  1657 

3 

15  17  35.64 

+  0.88 

+  12  29  27.1 

+   7.4 

Hclijellerup  5456 

4 

15  25     7.99 

+  0.92 

+  12  22  51.3. 

+   7.5 

i(Sclijellerup  + Grant) 

n 

15  35  52.87 

+  0.99 

+  16  22  59.3 

+   9.2 

Grant  3860 

6 

19     3  18.20 

+  2.01 

—   6   13  54.4 

+    8.4 

VVeisse's  Bessel  XV III.  1584 

7 

0  10  11.22 

+  1.98 

—  6  13     7.9 

+  14.3 

Weisse's  Bessel  0,135 

*  SCHjELLERUP's  riglit-ascension  is  probably  V  wrong. 

t  Some  earlier  observations  of  Comet  c  ISSS  will  appear  in  the  next  miiiibcr  of  the  .Tounial. 


TWO   HLWDRED  EIGHTY-SEYENTH  ASTEROID. 

A  planet  of  the  tenth  magnitude  was  discovereil  by  Peteks  at  Clinton,  N.Y.,  Aug.  25.     Its  position  was 

1889  Aug.  25.5589  Gr.  M.T.  a  =  22"  15-"  17'.5,  »  =  —14°  3'  0". 

Daily  motion,  3'"  20'  in  a,  and  10'(  ?)  northward. 


f '  ( )  X  T  E  N  T  S  . 

CoKDOBA  Obseuvations  ok  ij  AUGUS,  BY  Du.  .lon.v  M.  TnoMK. 

Comet  e  1SS9  (Davidson),  by  Prof.  E.  E.  Bakxaku. 

Solar.  Observations  at  Siiattuck  Observatory",  by  Mu.  Edwin  B.  Frost. 

Two  Hundred  Eighty-Fifth  Asteroid. 

Two  Hundred  Eighty-Sixth  Astei-.oid. 

Observations  of  Cometh  1889  (Brooks,  .Truv  0).  by  Mr.  O.  C.  Wendell. 

Epuemeris  of  Comet  6  1889,  by  ilR.  "W.  W.  Campbell. 

Occultation  of  Jupiter,  1889  "September  3,  by  Mr.  William  Bellamy. 

Obbit  of  Comet  <>  1889  (Davidson),  by  Prof.  T.  H.  S afford. 

Elements  and  Ephemeris  of  Comet  e  1889  (Davidson),  by^  Mr.  William  Bellamy. 

Epuemeris  of  Variables  of  the  Algol-Type,  by'  Mr.  S.  C.  Chandler. 

Observations  op  Co.mets,  by  Prof.  E.  Frisby. 

Two  Hundred  Eighty-Seventh  Asteroid. 


Nichols.  Lynn.  Mass. 
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OX   PIIOTOGRx\PHIXG  AXD  SEEING   STxVRS  IX 

By  EDWARD  S.  HOLDEX. 
The  following  is  an  elementary  theory  of  the  subject  of  I    exposure-time  are  constant 
photographing  a  star  projected  against  a  bright  background. 

Let  ./  be  the  intrinsic  brilliancy  of  a  planet, 


THE    DAY-TDIE, 


"  "  "   star. 

"  "  the  sky, 

aperture  of  a  telescope, 
focal  length  of  a  telescope. 
l)ercentage  of  the  incident  light  transmitted 

by  the  objective, 
intrinsic  brilliancy  of  the  image  of  a  planet 

formed  in  the  focus  /, 
same  for  a  star, 
the  skv. 


then 


(1) 


t 


K  =  J  .t  .     -  ;         (2)     k 

In  the  usual  simple  theory  of  vision  by  telescopic  aids, 
the  image  of  a  star  is  assumed  to  be  a  point,  and 
(3)  L  =  a-  .t  .1. 

However  it  may  bo  for  visual  images  of  stars,  it  is  certain 
that  their  photographic  images  arc  discs  and  not  points,  and 
that 

L  is  less  than  a'-  .  I  .  /.  aiul  also  thai 


L  is  greater  than 


r 


t .  J. 


1  shall  assmiif,  with  Professor  Pickkking  (3/e»H.  Amer. 
Acad.  \'()1.  XI,  page  188),  that  the  law  is  very  approximately 
given  by  the  following  equation, 

(4)  L  =  —  .t  .  I.  , 

1  .'" 
when  we  consider  the  |)liotographic  image  of  a  star.      This 

.  (I 

eiuiatiiiu  niav  not  be  rigorous,  and  the  coetlicieut    — -^    may 

1  .'■ 

reipiirc  a  change,  but  we   know  enough  already  to  be  sure 

that  the  change  will  not  be  great. 
From  (•-')  and  (1)  it  follows: 

^  k  u  .  I 

This  cxiiression  gives  the  ratio  of  the  intrinsic  brilliancies 
of  the  im.ages  of  a  star  and  its  backgroinid  as  photographed 
in  any  telescope,  always  assuming   thai  the  plate  and  the 


It  shows  that  there  may  be 
great  advantages,  in  the  photography  of  a  star  against  a 
bright  background,  in  the  use  of  a  telescope  whose  focus  is 
relatively  long  compared  to  its  aperture.  Let  us  compare 
the  operation  of  a  portrait  lens,  a  =  5,/=  30  inches,  with 
that  of  the  Lick  telescope,  a  =  33,  /  =  570  inches.  Let 
us  sui)pose  t  to  be  the  same  for  both  instruments,  and  ecjual 
to  1,  and  also  that  the  star  is  ten  times  as  bright  as  its  back- 
ground, or  /  :=  10  i.  This  is  about  the  ratio  of  brilliancy 
of  the  polar  rays  of  the  corona  of  January  lS8",t  to  their 
background. 

Table  I. 


Portrait 
lens 

Lick 
Telescope 

Brilliancy  of  the  image  of  the  sky       0.03  i 

"               star        9.13  i 

Contrast  ( image  of  the  star  brighter     .,.,„        , 

than  that  of  the  sky)                     |  "*-^  ^^  ' 

0.003  1 
13.82    1 

4124  to  1 

The  advantage  of  using  the  Lick  telescope  iu  tnis  case  is 

manifest.     It  is  chiefly  due  to  the  large  value  of  the  ratio  — 

for  this  telescope,  and  not  to  the  great  size  of  the  objective. 
It  will  be  noticed  that  the  brightness  of  th*  star  image  is 
only  a  little  greater  in  the  larger  instrument  (as  14  to  9)  ; 
but  the  brightness  of  the  image  of  the  sky  is  much  less  (as 
1  to  10),  and  hence  the  contrast  is  nuich  greater  in  the 
longer  focused  lens. 

Let  us  see  what  would  have  lieeu  the  result  of  cutting 
down  the  aperture  of  the  portrait  lens  to  1  inch,  leaving 
everything  else  unchanged. 

TAI1I.K    U. 


Portrait  Lens          > 

Full 
aperture 

Aperture 
lincb 

Brilliancy  of  the  image  of  the  sky 
star 

Contrast 

0.03  i 
9.13  • 

329  to  1 

0.001  1 
1.83    1 

1G4S  to  1 

74 
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It  is  thus  phiin  lliiit  a  small  |)liotiii;ia|)liic  i-oiitrast,  such 
as  sky  ami  star,  oaii  l)e  increased  with  a  given  telespope  by 
.simply  cntlinu  down  tiie  aperture.  This  enfeebles  the  lijrht 
of  the  star  (as  9  to  2  in  Taljle  II),  but  it  enfeebles  the 
light  of  the  sky  vastly  more  (as  30  to  1  in  Table  TI),  and 
thus  produces  the  contrast  which  is  necessary. 

It  is  clear  that  we  can  calculate  beforehand  jusl  what 
aperture  must  be  chosen  to  produce  a  given  contrast  —  such 
a  one  as  we  know  l)eforehand  that  we  are  able  to  photo- 
graph. We  must  then  choose  a  suitable  exposure.  Theo- 
retically, we  shonld  always  profit  by  employing  a  long- 
focused  lens  to  photograph  a  star  projected  on  a  bright  sky, 
just  as  we  theoretically  always  gain  in  seeing  a  star  so  pro- 
jected by  using  a  high  magnifying  power  ;  and  for  a  similar 
reason  —  namely,  the  couscqnent  great  relative  darkening  of 
the  backgronnd.  Practically,  however,  we  may  not  gain  by 
pushing  the  contraction  of  the  aperture  too  far,  as  the  light 
of  tiie  star  is  enfeebled  absolutely  (about  5  times  in  Table 
II),  and  thus  tiie  necessary  exposure  is  unduly  lengthened. 

Api'mcatkin  to  Till-.  Case  oi-  .Stars  Sekn  in  tiik  Day-timk. 
To  a  certain  extent  the  foregoing  simple  theory  is  appli- 
cable to  vision,   as  well    as    to   photography.     The  visual 
images  of  stars  are  not  points,  although  they  are  nearly  so. 

Lick  Observatory,  1889  August  1. 


Equation  (4)  fits  the  case  of  pliotography  better  than  that 
of  vision,  but  tiie  e.\i)ression  is  approximately  true  for  stars 
seen  in  tiie  day-time  projected  on  a  bright  l)ackground. 

As  the  star  is  nearb/  a  point,  we  can  gain  something  by 
using  a  liigh  magnifying  power,  though  not  so  much  as  is 
commonly  assumed  ;  as  the  star  is  not  absolutely  a  point, 
we  can  sec  it  better  in  the  day-time,  as  contrasted  with  its 
hackcirouud,  by  cutting  down  the  aperture  to  J  or  ^  of  its 
usual  amount.  I  have  convinced  myself  that  this  is  so  by 
trial ;  and  Mr.  Baknakd  also  tells  me  that  at  Nashville  it 
was  his  practice  to  reduce  the  aperture  of  his  transit  instru- 
ment, in  order  to  see  stars  better  in  the  day-time. 

This  deduction  is  worth  the  attention  of  observers  with 
meridian-circles  who  are  observing  stars  in  the  day-time,  as 
it  will  save  them  many  days  otherwise  lost.  For  example, 
with  the  large  transit-circle  at  "Washington,  there  are  many 
days  when  the  sun  is  observed,  but  when  the  necessary 
fundamental  stars  cannot  be  seen,  ou  account  of  the  bright- 
ness of  the  sky.  If  the  aperture  is  reduced  to  about  J  or  i, 
the  darkening  of  the  background  will  be  sutlicient  to  permit 
the  observation  of  these  stars,  and  thus  much  will  be  saved. 
1  believe  this  simple  result  to  be  quite  new.  In  i)ractice  it 
is  almost  exactly  true  for  photography,  and  it  is  api)roxi- 
matelv  true  for  vision. 


SOME    OBSERVED    MAXIMA 


AND    MINI^IA 

I.N   1889, 


OF    LOXG-PERIOD    TARIABLES 


By     V.     S.     YEN  DELL 


11  Virijinis. 
A  series  of  nine  observations  of  this  star,  from  May  6  to 
June  19,  indicate  a  maximum  on  June  2.  The  observations 
were  much  interrupted  by  unfavorable  weather,  but  are  suf- 
ficient to  indicate  the  maximum  phase  with  considerable  dis- 
tinctness. 

T  Cephei. 
A  good  series  of  telescopic  and  field-glass  observations, 
numbering  in  all  thirty-seven,  were  obtained  from  Ajn-il  22 
to  July  P.  Only  enough  of  the  light-curve  was  observed  to 
show  that  it  was  markedly  fiat  at  the  maximum,  remaining 
at  the  greatest  light,  which  was  about  6"',  from  May  11  to 
June  16  ;  a  maximum  is  indicated  ou  May  29. 

T  Hemdis: 

Observations  of  T  Hercidis  were  begun  April  28,  when 
the  star's  light  was  estimated  at  about  9". 5,  it  increased 
steadily  and  rapidly,  and  a  maximum  of  7". 8  was  passed 
May  24,  after  which  it  declined  rather  less  rapidly  than  it 

Dorchester,  1889  August  3. 


had  increased,  until  tiie  last  observation  on  June  24,  when 
it  had  reached  9 '".2.     Nineteen  observations  were  made. 

T  Ser2}e)itis. 
This  star  when  first  seen  on  June  20,  was  estimated  to  be 
9". 5.  Only  five  observations  in  all  were  obtained,  but  these 
indicate  with  sutlicient  definiteness  that  a  maximum  was 
passed  on  June  24,  when  the  star's  light  was  about  9". 2  ; 
the  rise  and  decline  were  sharp  and  well-marked  ;  at  the  last 
observation,  on  July  Cj,  its  magnitude  was  about  9". 7. 

VOphiuchi. 
Thirteen  observations  of  V  Ophiuchi  were  secured  from 
May  26  to  July  25.  A  maximum  is  indicated  on  June  1. 
The  rise  from  its  lirightness  at.  the  first  observation  to  the 
maximum,  which  occurred  but  six  days  later,  was  only  about 
2.5  steps,  or  0'"'.25,  and  its  decline  was  slow  and  irregular, 
having  fallen  when  last  observed  only  7  steps,  or  0'".7  from 
its  greatest  light,  which  was  by  eye-estimation  about  7". 5. 
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THE     AS T  K  O  N  U M  I  C  A  L    J  O  L'  R  N  A  L 


OBSERTATIOXS  OF   70  OPniUCTIL 

MADE   AT  THE    l.S.    XAVAI.  OUSEllVATi  iKV, 
I$V   .4.    H.ALL. 

[CommuiiicaU'd  by  the  Superintendent.] 


Date 

}• 

s 

Date 

P 

s 

1880.545 

65.9 

2.72 

-1883.573 

49.1 

2.40 

.572 

67.2 

2.79 

..581 

47.7 

2.19 

.575 

64.3 

2.77 

.592 

46.5 

2.45 

.581 

65.7 

2.88 

.598 

47.5 

2.37 

.583 

65.5 

2.68 

.601 

48.6 

2.21 

.603 

64.2 

2.64 

.603 
.612 
.628 

48.2 

■46.8 

47.8 

2.16 

1880.576 

65.47 

2.747 

2.20 
2.18 

1883.598 

47.77 

2.270 

1881.512 

61.0 

2.67 

1884.548 

38.7 

2.20 

.522 

62.3 

2.40 

.581 

37.9 

2.23 

.531 

60.6 

2.46 

.597 

36.7 

2.00 

.536 

60.2 

2.46 

.600 

37.7 

2.13 

.588 

59.2 

2.49 

.605 
.614 
.616 

37.5 
37.2 
37.5 

2.16 

1881.538 

60.66 

2.496 

2.26 
2.18 

1884.594 

37.60 

2.166 

1882.511) 

53.4 

2.25 

1885.553 

29.0 

1.93 

.533 

57.9 

2.29 

.561 

28.6 

1.93 

.560 

56.5 

2.45 

.564 

28.2 

1.87 

.566 

57.2 

2.29 

.566 

29.2 

1.95 

.571 

0/..0 

2.32 

..D/O 

30.5 

1.81 

.609 

56.8 

2.26 

.580 

31.0 

1.79 

.648 

53.8 

2.30 

.599 

30.3 

1.88 

1882.572 

56.16 

2.309 

1885.571 

29.54 

1.880 

Date 

P 

» 

Date 

. 

« 

1886.516 

14.4 

n 

1.94 

1888.545 

352!3 

2.11 

.522 

14.2 

2.05 

.5.56 

353.8 

2.00 

.525 

14.6 

1.96 

.562 

353.3 

2.05 

.530 

12.3 

2.01 

.570 

353.7 

1.95 

.541 

14.0 

1.98 

.586 

S52.7 

2.03 

..544 

14.3 
12.6 

1.94 
2.02 

..589 

354.9 

1.98 

.552 

1888.568 

353.45 

2.020 

1886.533 

13.77 

1.986 

1887.565 

2.4 

1.89 

1889.515 

344.9 

2.07 

.590 

4.7 

1.98 

.523 

344.7 

2.16 

.595 

4.9 

1.93 

.567 

344.5 

2.10 

.625 

4.2 

1.92 

.605 

345.6 

2.03 

.634 

3.0 

1.82 

.616 

343.1 

2.12 

.680 

2.3 

1.98 

.630 

344.3 

2.10 

1887.615 

3.58 

1.920 

1889.576 

344.52 

2.097 

The  first  observation  of  this  interesting  star  is  bv  Hekschel 
ill  1779.  and  the  observations  extend  over  more  than  a  revo- 
lution, whicii  is  about  ninetv-five  years.  It  appears,  how- 
ever, that  there  is  still  an  indeterraiuation  in  some  of  the 
elements,  and  the  preceding  measurements,  made  near  the 
periastre  of  the  stars,  may  be  of  use  iu  helping  to  remove 
this  uncertainty  in  determining  the  orbit.  Each  of  these 
observations  is  the  result  of  four  settings  of  the  position- 
circle,  and  of  two  measures  of  the  double  distance 


Naval  Obfiervatori/^  1889  Aio/ust  19. 


OHSEUVATIUNS 


OF     i:.\(KE\S    COMET,    PJfOSJJA'PJyA 
MADE  AT   CORDOBA   IN   188.^, 

By  .JOHN  M.  TIInMK. 

EncivE's    Comet. 


AM)    XIOBE. 


1888 

C.M.T. 

* 

No. 
Obs. 

^- 

* 

^'s  apparent 

J«          1 

Jd 

App.  a         1 

logM 

App.  i 

Jo«r;.^ 

July 

28 

7  23  56.9 

■     1 

7 

— r25'.59  1 

—6  53.19 

11  23"53.'96  1 

119.674 

—10  57  56.30 

..0.596 

29 

7  i:y  38.9 

2 

6 

+  0  44.65  ' 

—2  35.91 

11   32   18.34 

n9.673 

12     9     2.S 

1.0.584 

30 

7  22  41.1 

3 

8 

—2  20.11 

—6  37.94 

11   40  43.19 

J194570 

13   IS  .58.50 

1.0.570 

31 

7   16  33.2 

4 

o 

— 3  3H.56 

-1-2  23.98 

11   49   11.62 

119.662 

14  27   12.79 

1.0.550 

Aug 

1 

7  26  .■)3.6 

0 

.') 

-1-4     3.41 

—8  42.31 

11   57  45.37  , 

h9.670 

15  34  27.66 

1.0.5 15 

:s 

7   16   14.4 

6 

4 

—1    17.68 

-1-5   13.63 

12   14  47.51 

n9.653 

17  41   35.75 

n0.5liO 

o 

7   17  25.4 

1 

14 

—0     3. .50 

—9  25.01 

12  31   50.66 

(.9.649 

19  40  48.17 

1.0.463 

23 

7  21   33.0 

8 

3 

-1-3     1.63- 

—1   36.80 

14  48  55.70 

«i9.58l 

30     8  34.5 

n0.039 

24 

7  23  49.7 

9 

5 

-1-2  29.46 

—7  52.78 

14  55   14.46 

n9.582 

SO  23  40.5 

hO.025 

25 

7   18  41.7 

10 

6 

+  1  36.28 

—8  21.15 

15     1   22.76 

n9.566 

—30  37  23.4 

>.9.980 

Note.-*:— July  28,  dense  haze.     July  31,  dense  haze.     Aujr^  I,  clouds,  observations  interrupted.     Auji-  2,  elouils.  observatious  broken 
ofl".     Aug.  23,  comet  very  faint.     Aug.  24,  comet  very  faint.     Aujl:.  2j,  comet  barely  visible. 
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Mean  Places  for  1888.0  of  Comparison- Stars. 


Comp. 

Star 

Mag. 

« 

Red. 

s 

Red. 

Authority 

1 

S.  DM.   3282 

^ 

11   25  19.50 

+  o'.05 

—10  50  58.95 

n 

—4.64 

Cordoba  M.C. 

1 

2 

3137 

10 

11   31   32.62 

0.07 

12     6  22.3 

4.81 

Comi).  Willi  AV.IJ. 

439 

3 

W.H.         716 

^ 

11  43     3.17 

0.11 

13   12   10.01 

4.93 

Conlolia  .M.f. 

4 

788 

8 

11   52  50.02 

O.IC, 

14  29  31.77 

5.12 

0 

890 

«l 

11  53  41.79 

0.16 

15  25  40.53 

5.29 

•' 

G 

OA.       12112 

8? 

12   16     4.92 

0.27 

17  46  43.97 

5.65 

41 

7 

12294 

91 

12  31   53.81 

0.35 

19  31   17.65 

5.91 

41                     44 

8 

A.G.C. 20135 

63 

14  45  53.10 

0.97 

30     6  52.0 

5.80 

Arg.  Gen.  Cat. 

9 

20313 

( 

14   52  44.01 

0.99 

30  15  42.4 

5.61 

44 

10 

"       20484 

H 

14  59  45.46 

+  1.02 

—30  28  57.1 

—5.42 

44 

Pro 

SERPINA 

(26). 

1888  C.M.T. 

* 

No. 
Obs. 

(26) 
da 

-* 
J5 

App.  « 

log  PA 

App.  8 

log  PA 

h         111       > 

June  15  '  7  58  36.0 

1 

10 

— 1 

"  7^15 

+  11    14.9 

17  32"  44^24 

9.685 

—27     8  41.6 

7*0.361 

20  10  40     3.1 

2 

8 

—2 

22.02 

—  9  32.3 

27  44.27 

9.092 

11     4.9 

n9.851 

26     9     7  35.7 

3 

11 

— 1 

24.04 

—  5   11.7 

22  11.88 

9.429 

11   58.4 

jiO.016 

27     7  38  12.9 

3 

10 

—2 

14.01 

—  5     8.8 

21   21.90 

9.633 

11   55.7 

»t0.261 

28     7  26  31.2 

3 

7 

—3 

5.63 

—  5     0.4 

20  30.28 

9.644 

11   47.4 

710.280 

July     1     7  20  15.5 

4 

0 

+  1 

9.28 

+   7  57.4 

18     0.23 

9.619 

11   11.2 

7(0.240 

2     8     8  22.9 

4 

10 

— 0 

20.55 

+   8   13.2 

17   11.49 

9.520 

10  55.4 

710.109 

3     7  10  56.5 

4 

10 

— 0 

23.63 

+   8   29.2 

16  27.31 

9.631 

10  39.4 

710.269 

4     7   15  34.2 

4 

10 

— 1 

8.74 

+   8  52.8 

15  42.20 

9.615 

10  15.8 

710.233 

5     7  19  22.8 

0 

11 

+  0 

51.50 

+   8  22.5 

14  58.86 

9.599 

9  49.5 

710.210 

7     7  18   12.1 

0 

10 

— 0 

31.03. 

+   9  17.2 

13  36.33 

9.583 

8  .54.9 

hO.187 

8     7  12  50.2 

5 

6 

— 1 

9.72 

+    9   42.5 

12  57.64 

9.584 

8  29.6 

7(0.190 

8     7  25  13.4 

6 

6 

— 0 

59.38 

+   5  14.5 

17  12  57.49 

9.557 

—27     8  24.2 

n0.154 

Notes  :  —  June  15,  through  clou(3s,  not  good.     July  1,  clouds.     July  S'w,  very  faint. 

Mean  Places  for  1888.0  of  Comparison- Stars. 


Comp. 

Star 

Mag. 

a 

Red. 

8 

Red. 

Authority 

1 
2 
3 
4 
5 
6 

A.G.C.  23949 
ZC.           1981 
1542 
"              1085 
A.G.C.  23475 
ZC.            897 

H 

9 

7i 
8 

17  33  51.23 
30  4.09 
23  33.63 
16  48.68 
14     5.08 

17  13  54.59 

+  2'.16 
2.20 
2.27 
2.27 
2.27 

+  2.28 

—•21  20     0.5 

1  36.3 

6  49.9 

19  11.0 

18  14.2 

—27  13  40.8 

+4!'o 
3.7 
3.1 
2.4 
2.2 

+  2.1 

Arg.  Gen.  Cat. 
Cordoba  M.C. 

Arg.  Gen.  Cat. 
Cordoba  M.C. 

JSflOBE    (71). 

1888  C.M.T. 

* 

No. 
Comp. 

(71) 

—  * 
J8 

App.  a 

log  y)A 

App.  ,'i 

log  y)A 

.Julv  10     9  40   13.0 

1 

10 

+  2'"ll'.74 

—  9     5.59 

19"  48"' 27!  14 

9.643 

—39     1  22.6 

J18.799 

13  10  33  46.6 

1 

3 

—2     0.63 

+  10  43.23 

44  14.80 

9.439 

38  41  32.4 

9.842 

14     8  25  24.0 

2 

10 

—1  30.95 

+   5  43.76 

42  59.68 

9.723 

38  35     4.5 

)79.948 

16     8  15  25.3 

3 

10 

—0  55.44 

—  4  21.36 

40  16.77 

9.722 

38  20  20.3 

7(9.965 

■      17     8  20     4.8 

4 

9 

—1  53.68 

—  5  23.66 

38  54.97 

9.712 

38  12  34.6 

7(9.914 

20     7  45     0.4 

n 

11 

—1   11.74 

—  0  35.24 

34  59.64 

9.735 

37  48  31.5 

71O.O75 

21     7  45  20.7 

6 

5 

—1  47.40 

+   1  52.40 

33  41.85 

9.727 

37  40     0.3 

7(0.045 

22     8  38  25.4 

7 

10 

—0  15.72 

+   8     7.11 

32  22.77 

9.611 

37  31     3.8 

7(9.368 

25     8     9  16.2 

8 

8 

+  2  13.34 

+    1  57.53 

28  42.18 

9.655 

37     4     6.1 

n9.681 

8  23  21.0 

9 

8 

+0     9.24 

—  1    12.20 

28  41.27 

9.628 

37     4     0.8 

7(9.454 

27   10     3  50.8 

10 

9 

—2  11.98 

—  4  34.70 

19  26  15.59 

9.195 

—36  44  27.7 

9.847 

NoTKS :  —  July  13,  through  clouds,  poor.     July  14,  dense  haze.     July  25,  clouds  and  wind.     July  27,  very  faint. 
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Mean  Places  for  1888.0  of  Comj)arison- Stars. 

Comp. 

Star 

Mag. 

a 

Red. 

S                    Reel. 

Authorily. 

1 

zc. 

1897 

9 

19  46  12.81 

+  2!59 

— 38°52'  27"81     +10.85 

Cordoba  M.C. 

2 

Anon. 

8f 

19  44  28.00 

2.63 

38  41     8.51         10.38 

'*           " 

3 

ZC. 

1711 

84 

19  41     9.57 

2.64 

38  16     8.76  1        9.91 

"           " 

4 

A.G.C 

. 27093 

"'^ 

19  40  45.99 

2.65 

38     7  20.8     1        9.83 

Aig.  Gen.  Cat. 

5 

'* 

26987 

6 

19  36     8.68 

2.69 

37  48     5.6     1        9.35 

•'          " 

6 

" 

26971 

7| 

19  35  26.54 

2.71 

37  42     1.9     1        9.24 

7 

" 

26896 

8 

19  32  35.77 

2.72 

37  39   19.8             8.93 

8 

" 

26775 

9 

19  26  26.1! 

2.73 

37     6  11.8             8.16 

"          " 

9 

" 

26813 

7i 

19  28  29.30 

2.73 

37     2  56.9             8.30 

"          " 

10 

ZC. 

1177 

9i 

19  28  28.45 

+  2.72 

—36  40     1.09     +  8.08 

Cordoba  M.C. 

OBSERVATIONS  OF   COMET  e  1888, 

MADK  AT  THE  U.S.  NAVAL  OH8ERVAT<^KY  WITH  THE  9.6-IN'CII  EQUATORIAL, 

By  PnoF.  E.  FRISKY. 
[Communicated  by  tlie  Superintendent.] 


1  ss'.i  Washin-'ton  M.T.        * 

1 

No. 
Comp. 

-* 

^'s  appart'iit 

8 

(or  a     1      for  d 

Obs. 

.]ulv25  ll'56"'l4!'7 
"  27  10    6  57.9 

1  20  ,  4 

2  20  ,  4 

+  d"ll'.44 
—0  50.44 

—  1   17.3 
+  10  11.4 

20  15  52.14      —2  22  56.1 
20     9     7.55     — 2  43  51.5 

»i7.819  1   0.764  '  F 
n9.272      0.771      F 

Mean  Places  for  1889.0 

of  Comj)arison- Stars. 

* 

a 

Red.  to 
app.  place 

s 

Red.  to 
app.  place 

Authority 

1 
2 

20''l5'"38'!59          +2.'ll 
20     9  55.85          +2.14 

—2  21  47.8 
—2  54  11.9 

+  9.0 
+  9.0 

^  ( Lamont+  Weisse) 
^(Weisse+2  Schjellerup) 

Correction  to  observation  of  .Tuly  8  (p.  55)  :     For  mean  time  VX^  21"'  15-.0,  read  13"  31"'  14'. u. 


ON   THE   COMPANIONS   TO   COMYJT  d  ISSit  iimoohS), 

Bv  E.  E.  B.VKNARD,  .VstuoxdmkI!  oi-  tiik  I.ick  Ouskuvatuky. 


Since  tlie  discovery  of  a  group  of  companions  to  the  great 
comet  of  1882  (see  A.N.  2489),  I  liave  been  impressed  witii 
tlio  iik'ii  tiiat  other  comets  niav  be  attended  by  conii)anions 
wliich,  from  tlieir  faintness,  or  from  a  failure  to  seardi  for 
tiiem,  may  escape  discovery.  I  have  therefore  examined 
the  imnu'diMte  neighborhood  of  all  comets  since  then  in  the 
hope  of  finding  sncli  companions. 

'riie  12-inch  telescope  being  out  of  order,  it  was  not  pos- 
sible to  observe  Huooks's  conu't  with  it  after  the  .Inly  moon 
until  the  night  of  August  1.  when  1  observed  the  i-omet  for 
position.  While  examining  the  region  about  the  head  of  the 
comet  on  this  date,  I  detected  two  small  nebulous  bodies 
following  the  head,  but  preceding  the  comet  in  space.  The 
nearest  of  these  was  suspected  to  be  ii  companion  ;  its  dis- 
luuce  and  position-.'ingle  were  therefore  measured  fnnu  the 
niicK'Us.      The   second    morning    showed    that    lioth    objects 


were  moving  with  the  comet,  and  therefore  were  compauions. 
These  objects  I  have  inuned  B  and  ('. 

On  August  3,  these  were  examined  with  the  36-incli  e»|na- 
torial,  which  showed  the  whole  group  very  beautifully. 
Kach  of  the  compauions  had  a  very  small  nucleus  and  con- 
densation in  a  very  small  head,  and  a  short,  faint  tail,  pre- 
senting a  perfect  miniature  of  the  larger  one,  which  was 
pretty  bright  ami  well  developed,  with  snndl  nucleus  and 
slightly  fan-shaped  tail  j"  long.  There  was  then  absolutoly  no 
nebulous  connection  with  the  larger,  nor  has  there  lioenat  any 
time  since,  either  in  the  12-incli  or  in  the  36-inch  telescopes. 
Nothing  whatever  has  been  seen  here  of  the  nebulous  envelope 
spoken  of  by  the  \'ii>nna  observers  as  apparently  enclosing 
the  whole  griuip  (-1.X  291  I ).  1  have  from  the  first  care- 
fully looketl  for  a  nebulous  connection.  I'nder  unfavorable 
circumstances  the  tails  of  />'  ami  C  might  be  iinasined  to  be 


78 


TllK     A  STHO  NOAI  K  A  1-     .lOl    IJNAI,. 


N"  202. 


a  connecting  nebulosity,  but  tiie  t:iil  of  B  falls  short  of  A, 
and  that  of  C  does  not  nearly  reacli  B.  Each  comet  is  in 
appearance  absolutely  iudci)eii(lent  of  the  other.  The  tails 
of  all  three  have  lain  in  the  line  of  tlie  nucleus  of  A,  and 
therefore  have  not  sonsiljly  deviated  from  the  [wsition-angle 
211°. 

On  August  1,  two  other  toniiianionii  were  detected  with 
the  great  telescope,  one  of  which  was  measured,  the  other 
being  too  elusive  to  place  the  wires  on.  I  have  numbered 
these  four  companions  B.  C.  D,  E,  in  the  order  of  increasing 
right-ascension,  A  being  tlie  larger  comet,  D  and  E  being 
the  two  last  discovered.  The  position  of  D  Aug.  4,  referred 
to  C  was  :  distance,  78". 18  ;  P. A.,  23°. 3.  D  has  been  seen 
several  times  since  the  moon  withdrew,  but  has  always  been 
too  faint  to  observe  ;  it  has  not  sensibly  changed  its  position. 
E  has  only  been  seen  once  ;  its  position-angle  referred  to 
C  would  be  the  same  as  that  of  D,  and  its  distance  twice 
as  great.  Four  or  five  other  nebulous  bodies  observed  near 
the  comet  August  2  have  not  since  been  seen,  and  were 
probably  nebulous. 

The  results  of  the  observations  of  the  two  brighter  com- 
panions are  extremely  iuterestiug.  Measures  of  B  have 
been  made  on  eighteen  and  of  Con  seventeen  nights.  These 
two  have  almost  exactl}'  the  same  positiou-angles,  which 
have  been  sensibly  constant ;  their  distances  from  the  main 
body  have,  however,  been  increasing.  At  the  last  few  ob- 
servations, B  seems  to  be  stationaiy,  the  distance  from  A 
remaining  constant,  while  C  continues  to  recede.  The  fol- 
lowing from  my  measurements  will  give  some  idea  of  tJiese 
changes. 

From  Aug.  1  to  Aug.  5,  B  was  separating  from  A  at  the 
mean  rate  of  0".93  per  day,  while  from  Aug.  1(5  to  Aug.  24 
this  was  reduced  to  0".20,  or  essentially  zero. 

Aft.  Hamilton,  1889  August  29. 


From  Aug.  2  to  Aug.  5  C  was  receding  1".72  per  diiy,  and 
from  Aug.  IG  to  Aug.  24  this  had  increased  to  2". 76. 

From  Aug.  1  to  Aug.  .5  the  mean  position-angle  AB  was 
59°. 92,  and  from  August  IC  to  24  it  was  61°. 27. 

Aug.  3  to  Aug.  ii  the  mean  position-angle  .^C  was  61°. 43  ; 
and  from  Aug.  16  to  Aug.  24,  61°. 68.  At  first  the  position- 
angle  AB  was  sensibly  less  than  AC.  They  now  appear  to 
be  on  the  same  line  with  the  nucleus. 

Following  are  the  positions  of  the  two  companions  with 
reference  to  the  nucleus  ,1  on  two  of  the  dates  of  observa- 
tion : 

Aug.     3      AB     66.48     59.°9    :  AC     263.46     6K4 
Aug.  28      AB     73.22     63.2    :  AC    328.44     61.6 

I  have  measured  these  objects  every  night,  except  when 
the  moon  interfered,  and  have  been  struck  with  the  rather 
sudden  change  in  the  appearance  of  B.  At  first  very  small. 
with  ill-defined  nucleus,  and  a  tail  nearly  1'  long,  it  was  com- 
paratively an  easy  object  to  measure  in  the  12-inch.  It  has 
steadily  become  more  difficult,  even  in  the  great  telescope, 
and  at  the  last  few  observations  has  become  extremely  ditti- 
cult,  ceasing  to  be  visible  in  the  12-inch;  the  central  con- 
densation has  disappeared  almost  entirely,  and  the  nel>u- 
losity  become  much  larger,  fainter,  and  more  diffused, 
making  it  almost  impossible  to  bisect  it  accurately.  In  the 
mean  time  C  has  become  easier,  perceptibly  brightening,  and 
the  central  condensation  more  marked. 

Since  August  2,  the  observations  have  been  made  with  tlie 
36-inch  equatorial. 

In  hopes  that  it  may  be  possible  to  determine  the  mass  o 
this  cometary  system,  I  have  made  careful  micrometric  meas 
ures  on  every  uight  possible,  and  these  measures  will  be  kep 
up  as  long  as  the  companions  can  be  seen. 


RmG-MICROMETER  OBSERVATIONS   OF   COMET  e  1881»  (DAVW^iOX), 


m.vde  at  the  lehigh  university  observatory. 
By  C.   L.  DOOLITTLE. 


1889  Greenwich  M.T. 

* 

No. 
Conip. 

Aa 

-* 

J8 

#'sa 
a 

jpareut 

s 

log 

for  a 

PA 

lorii 

Aug.  18  13  33  42.7 

-  a  ■• 

7 

+  o"'3o!37 

—  2  32.3 

15  42  33.09 

+  18     7  19. i; 

9.482 

0.614 

26  13  49  57.5 

""    6 

5 

+  3  11.32 

+   1  38.8 

16     4  58.46 

+  23  12  32.2 

9.548 

0.536 

•27  13  51  34.2 

c 

10 

+  0  32.59 

—  4  57.3 

16     7  27.93 

+  23  42     9.9 

9.555 

0.532 

28  13    8  49.6 

d 

6 

—3  20.99 

4-16  28.8 

16     9  48.85 

+  24     9  20.4 

9.469 

0.480 

29  13  13  51.0 

e 

6 

+  1  44.24 

—12  35.7 

16  12  12.27 

+  24  36      1.5 

9.587 

0.540 

30  13  46  25.0 

f 

6 

—1  39.40 

—12  33.7 

16   14  35.01 

+  25     1  45.4 

9.528 

0.493 

31   14  10  39.5 

f 

6 

+  0  39.72 

+  12     2.7 

16   16  54.11 

+  25  26  21.8 

9.601 

0.538 
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Mean  Places  for  1880.0  of  Cofnjmrison- Stars. 

* 

a 

Red.  to 
app.  place 

s 

Red.  to 
app.  place. 

Anthoritv 

985 

a 

Id'ii    l'.86     1     +0*86 

+  18     9  41.5 

+   9.9 

Ring-micro,  comp.  with  W.B.  15 

b 

16     1  46.34          +0.80 

+  23  10  41.6 

+  11.8 

Weisse's  Bessel  15  .  1548 

i 

c 

16     6   54.53           +0.81 

+  23  46  55.1 

+  12.1 

"             •'      16.155 

d 

16  13     y.02          +0.«2 

+  23  52  39.3 

+  12.3 

"              '•      16.351 

p 

le   10  27.26 

+  0.77 

+  24  48  24.7 

+  12.5 

"             ■'■      10.274 

f 

16  16  13.63  - 

+0.78 
+  0.76 

1-25  14     6  3 

+  12.8 
+  12.8 

■•      16.429 

Bethlehem,  Pa.,  1889  Sept.  2. 


ELEMENTS   OF   COAIET  e  1889  (DAVIDSOX), 

By  T.  H.  S.AFFORD. 


Till'  followiug  elements  of  Comet  e  1889  were  obtaineil  from  | 
tlie  obsorvatious  at  Rome  July  26,  aud  at  Wasliington  Aug. 
7  and  Aug.  16.     The  small  corrections  were  taken  into  ac- 
count, and  the  logarithm  of  3f  was  varied  so  as  to  produce 
u  close  accordance. 

T  =   1889  July  19.3066  Gr.  M.T. 
log  rj  =  0.016959 

0)  =  345°  53'  59".0) 
ft   =  286       8    21  .3  '  1889.0 
i  =     65     59    16  .43 
Wiiithrop  Beach,  Mass.,  1889  Aufjn.it  28. 


The  middle  observation  was  thus  represented  : 
(C— O),  j;.,  — ll".l  ;  Jfi,  +5''.2. 

By  a  trifling  change  I  could  have  represented  the  latitude 
rather  better,  but  not  the  longitude.  It  will  thus  appear 
that  the  rather  large  discrepancies  which  both  Mr.  Bellamy 
and  myself  found  in  the  first  sketch  of  the  orbit  did  not 
arise  from  ellipticity,  if  we  take  the  observations  here  em- 
plovt'd  as  coriect. 


ELLIPTIC   ELEMENTS  AXD   EPHEMERIS   OF   COMET  cZ  1889, 

By  Rev.  GEORGE  .M.  SE.VRLE. 


I  li:ive  computed  the  following  elements  of  comet  d  1889 
Iriini  the  observations  at  Ml.  Hamilton,  July  8  ;  Cambridge, 
July  23;  and  Washington,  Aug.  19. 

r  =   1889  Sept.  14.0324  Or.  M.T. 
Q   =     19°  23'  29" 
(0  =  335      9    20    5-  1889.0 


These  furnish  the  followins 
coordinates  for  1889.0. 


equations  for  the  cijuatorial 


(■  ^       5    59    53 
<s  =     30    50    54 
log  q  —  0.301773 
Iog«  =  0.611037 

I'oriod  =  8.34  years. 

Middle  place,  (O— C),     j;.  =  —25",     J,-.'  =  —2". 

The  discordance  in  ).  is  owing  to  tiie  computation  being 

tuaclc  from  the  tirst  hypothesis  for  the  ratio  of  the  triangles, 

which  was  taken  from  the  previous  orbit.     The  elllpticity  in 

this  case  shows  itself  princii)ally  in  latitude. 


a-  =  [0.613240]  sin  [£"+85  13  4.s]  —  2.(i'.<727 
y  =  [0.489679]  sin[£—  5  10  23]  +  .14277 
z  =  [0.237690]  sin  [£—10  35  12]  +     .16284 

and  tlie  following  ophemeris  for  (Ireenwich  midnight. 
l^M»  ,£  ^  lo-^  Mr 

Sci.t.  12       23'59"'4.i'       — .■)°3.S.7       0.0017        l.M 


1.76 


The  unit  of  brightness  is-that  of  the  ohser\fttion  of  .lulv 


12 

It 
23"  59"' 4.3 

— .•)°3.s.'7 

0.0017 

16 

57  22 

33.7 

i.).0O07 

2(» 

54   :i(y 

27.7 

0.0011 

21 

52  29 

20.6 

0.0030 

■_'S 

23  50     9 

—5  12.0 

0.0067 

KLLU'TK"    I:L  EM  i:\TS   OF   C03IET  ^/ 1889.   WITH    KIM  1  KM  i:in<. 

By  S.  f.  Cll.VNDI.EK. 
The  surmise  which  1  expressed  on  page  56  of  this  .lournal.      Lick  Observatory  on  July  8,  at   Dresden  and  Munich  July 
that  this  comet  would  prove  to  be  one  of  short  period,  ap-  ,   31.  and  at  Washington  Auiiust  1'.'.  1  fiivl  the  elliptic  elements 
pears  to  be  verified.     Thus,  from  the  observations  at  the  |    following: 
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Til  K     A  S  IKON  (JM  U  -V  l> 


()  I    n  .N  .\  L . 


N"  202 


T  —  1889  Sept.  15.3618  Gr.  M.T. 

1889 

App.  a 

App.  « 

10g7- 

log  A 

Br. 

w  =  335°  50'  42"  ) 
ft   =     19     15      8    1  1889.0 
i  =       G      0    10    ) 
log  fj  =  0.300G52 
e  =  0.507112 

Sept.  30.5 

Oct.      2.5 

4.5 

6.5 

,s.5 

23  48  53     - 
47  49 
4  6  50 
45  54 
15     4 

-5     7.2 
5     1.8 
4  56.0 
4  49.0 
4   42.« 

0.3016 
0.3021 
0.3028 

0.0065 
0.(M22 
0.0193 

2.22 
2.15 
2.08 

The  coi'respoiuling  period  is  2'J'.K)  days,  or  !■ 

.ISO  ye 

U'.S. 

1(1.5 

44    18 

4  35.4 

El'llKMKltlS    1-OU    GUEKNWICH    Mf.AN 

I'l.Mi;. 

12.5 

4.".  3.S 

4   27.5 

0.3030 

0.027(; 

1.99 

Kst<9                App.  u           App.  if              loj;  r 
Sept.  18.5      23"  56"   3     — 5°  30'.9      0.3007 

9.91)83 

I3r. 
2.31 

11. 5 
Oct.     10.." 

43     4 
23  42  36     - 

4    19.2 
-4   10.2 

0.3046 

0.0371 

1.90 

20.5            54  48         5  27.8 

22.5            53  35         5  24.4      0.30011 

9.9995 

2.30 

E(iiATonr.\i.  CoouDiNATES ;  Me 

AN   EyU 

iNos   1889.0 

24.5            52  22         5  20.7 

X 

=  r  [9.999' 

■42]  sin  [ 

84  59  58 +  t-] 

26.5             51    12          5    16.0       0.3012 

(1.01122 

2.27 

y 

—  r  [9.941381]   siu  [356     6 

0  +  t'] 

Sept.  28.5      23  50     2     —5   12.1 

z 

=  r  [9.688078]   sin  [ 

351   27 

28+ f] 

OBSERVATIONS    OF    THE    OCCULTATION    OF    JUPITER    BY    THE    MOON, 

1889   SEPTEMBER  3, 


MADE   AT  THE   UNITED   STATES    NAVAL   OliSKUVATOUV, 

[Communicated  by  the  Superintendent.] 


Phase 

Object 

Washington 
Sidereal  Times 

Observer 

Remarks 

Iramersiou 
Emersioa 

Third  Satellite 
Second  Satellite 
Jupiter,  2d  Limb 

First  Satellite 
Second  Satellite? 

20     25       9.2 
20     27     50.3 
20     37     28.9 
20     37     34.9 

20  37     56.8 

21  20       7.2 

H 
H 
S 
H 
H 
H 

Fair  observation 

Very  doiilitful,  clouds 

Contact  well  observed 

Good 

Good 

Uncertain 

Observers:  —  A.  Hall,  2G-inch  equatorial,  povi-er  383.     A.  N.  Skinxkk,  '.1.6  equatorial,  power  132. 

The  sky  was  cloudy  most  of  the  time.     The  disappearance  of  the  Third  Satellite  was  gradual,  lasting  al)Out  three  seconds. 

Naval  Observatory,  1889  Sejytember  5. 
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A  volume  of  the  Astronomical  Jomiial  consists  of  twenty-four  numbers,  with  table  of  eouteuls  and  alijhabetical  index. 
The  price  of  subscription  is  $5.00,  ■payable  in  advance,  to  which  is  to  be  added  the  expense  of  postage,  when  addressed  to 
countries  not  in  the  international  postal  union. 

Some  copies  of  earlier  volumes  are  still  remaining,  and  all,  excepting  the  first  three,  may  be  ol)t.ained  at  the  same  price. 
Single  numbers,  when  available,  will  be  furnished  for  $0.25  each. 

No  discount  is  made  to  liooksellers  ;  but  remittances  can  be  conveniently  sent,  by  postal  mouej'-order,  to  the  Editor,  at 
Cambridge,  Massachusetts. 


CONTENTS. 
On  Photographing  and  Seeing  Stars  in  the  Day-time,  by  Prof.  Edward  S.  Holdex. 
Some  Observed  Maxima  and  Minima  op  Long-Period  Variables  in  1S89,  by  Mr.  P.  S.  Yendei.l. 
Observations  of  70  Ophiuchi,  by  Prof.  A.  Hall. 

Observations  of  Encke's  Comet,  Proserpina  and  Niobe,  made  .\t  Cordoba  is  1888,  by  Dr.  John  M.  Thome, 
Observations  of  Comet  '•  1888.  by.  Prof.  E.  Frisby. 

On   iiiK  rcMiwioN-   [I.  CoMBT  d  1889  (Brooks),  by  Prof.  E.  E.  Barnard. 
iiiM,   Ml.  LoMi  III:  nr.Ni  i:\  ATIONS  OF  CoMET  e  18S9  (Davidson),  by  Prof.  C.  L.  Doolittle. 
Ei.F.MiMs  01    (  .,Mi:i  ,  i>>:i  (D.widson),  by  Mr.  T.  H.  Safford. 
Elliptic  Elfmfnis  and  1<:phemeris  of  Comet  d  1889,  by  Rev.  George  M.  Searle. 
Elliptic  Elements  of  Comet  d  1889,  with  Ephemeris,  by  Mr.  S.  C.  Chandler. 
Observations  of  the  Occultation  of  Jupiter  by  the  Moon,  1889  September  3,  made  at 
Advertisement. 


L".  S.  Xav.\l  C)bservatorv. 


THE 


ASTRONOMICAL    JOURNAL. 

No.  203. 


VOL.  IX. 


BOSTON,    1889    OCTOBER    3. 


KO.  11. 


OBSERYATro:N'S   OF   YAKTABLES   OF   THE   AL(,' O/.-lYPV.. 

liv  1".  S.  VKNDKI.l. 


During  tbe  present  year  tlie  writer  lias  iiiatle  special  efforts 
to  secure  as  many  observations  as  possil)le  of  the  minima  of 
variables  of  this  class.  There  have  been  obtained  one  of 
U  Cephi'i,  two  of  d  Librae,  two  of  U  Coronae,  and  eight 
of  U  Opltiuchi,  besides  several  partial  series  of  observa- 
tions from  which  other  minima  may  be  deduced  with  the 
aid  of  mean  light-curves.  The  number  of  observed  minima 
has  been  restricted  by  unfavorable  weather,  and  l)y  the 
fact  that  observations  after  midnight  were,  in  general, 
impracticable.  For  these  reasons  no  minima  have  been 
secured  of  'i.Tauri,  S  Cancri,  or  R  Cam's  ^f(ljo)•is•.  but 
it  is  intended  in  the  future  to  include  in  tlie  program  all 
known  objects  of  this  class. 

The  times  of  minimum  were  in  every  case  first  deduced  by 
means  of  single  curve  drawings,  formed  from  the  observations 
of  each  evening.  Tliis  seems  to  me  to  be  the  liest  way  under 
ordinary  circumstances,  where  a  fair  number  of  comparisons 
have  been  obta'ued  before  and  after  minimum.  But  it  has 
also  been  thought  well  to  determine  the  times  of  minima  by 
means  of  some  standard  light-curve,'  where  such  was  avail- 
td)le  ;  and,  besides,  to  give  the  result  which  would  be  de- 
rived from  taking  the  middle  times  of  equal  brightness 
before  and  after  minimum,  for  various  points  during  de- 
crease and  increase.  It  will  be  useful  to  give  the  results  of 
these  various  methods,  for  the  purpose  of  comparison,  and 
with  all  necessary  detail,  below.  Cambridge  mean  time  is 
used  in  all  cases. 

('  Ceitliei. 

Till'  niiniiLuiMi  of  1888  Oct.  10  has  lieeu  published  already 
(.1../..  IX,  '22),  but  is  repeated  here  for  the  sake  of  giving 
the  lesults  by  the  other  methods  of  reduction.  The  mean 
light-curve  used  is  that  of  Mr.  Ciiandi.kk  (p.  ")2). 

IHHH  Oct.  10  ;  nineteen  observations,  from  7''  ;iO"'  to  U5'' .")'". 

Time  of  nunimum  by  single  curve.  11''  18'".  I.  wt.  .">. 

Time  of  mininiinn  by  mean  light-curve  (autiiuni  /,  1 1''  i;5"'.l. 

Times  of  cipial  brightness, 

Uffore  After  Ml.l.lle 


8.. J 

9   I.S.J 

l.i     2.1 

1 1    7.;t 

8.6 

!1  .')4.;i 

I-.'    i;t.".l 

11  '.>•>.  I 

8.9 

10  17.1 

i-j  :!i.i 

11  -.'i.-J 

18sy  May  .') ;  eleven  observations,  from  »"  30™  to  lO""  30". 
Time  of  minimum  by  single  curve,  O""  IG^.o,  wt.  4. 
Time  of  minimum  by  mean  light-curve  (spring),  9*'  15"". 0. 
Times  of  equal  brightness, 

Before  .After  Middle 

H.'.)         s'se"})         9'5o'."o         9  13'.'u 

The  observations  of  this  star  and  the  following.  U Coronae, 
were  all  made  with  the  4j-incli  refractor. 

('  Coronal'. 
The  mean  light-curve  used  in  the  following  reductions  of 
the  observations  of  this  star  is  that  published  by  Wisneckk 
in  the  Astronomische  Nachridilen. 

1889  Miiy  18  :  eight  observations,  from  8''  3.5"'  to  10"  lb". 
Time  of  miuinuim  by  single  curve,  'J^  18". 0,  wt.  2. 
Time  of  minimum  by  mean  light-curve,  9''  19'"."i. 
Times  of  equal  brightness. 

Before  .After  Middle 


8.9  8  .jl..')  9  44..") 

9.0         9     6.5         9  33..'> 
Mean  of  middle  times 


18.0 
20.0 


9  19.0 
from  9'- 3'"  to  IT'S"'. 


Mean  of  middle  tinie? 


11    18.2 


1.S89  .Tune  18  ;   eleven  observation 
Sky  hazy,  at  times  very  much  so. 

Time  of  mininnnu  by  single  curve,  lO""  22"'. 6. 
Time  of  minimum  by  mean  light-curve,  10''  19"'. 3. 
Times  of  equal  brightness. 


He  fore 

After 

Middle 

s.i     '.>'  r.'i 

1 1"  39T6 

lo''20'."4 

8.8            9   27.6 

11      6.6 

10   17.1 

8.9            9   42.1- 

1(1  .".3.6 

10   17.H 

9.0          10   17.1 

10  32.6 

10  24.8 

Arean  of  middle 

times 

10  20,0 

S  hihrae. 
The  observations  of  this  star  were  made  with  an  «>pera- 
glnss  of  seventeen  lines  aperture  and  magnifying  power  of 
two.     Owing  to  the  star's  position,  but  little  of  the  risiug 
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curve  could  he  obtained  in  either  case.  The  mean  light- 
curve  iisi'd  in  llif  iidiictioiis  is  tliut  of  SciiiiNKKi,!)  (A.y., 
74,  347). 

188!t  .Inly  17;  ten  observations,  from  6''  4r>"'  to  11''  10'". 
Tlie  .star  was  followed  until  it  was  too  low  for  a  fair  com- 
parison to  be  obtained. 

Time  of  niininiuni  by  sinjile  curve,  10''  12'". 4,  wt.  4. 

Time  of  niinimiini  by  mean  lijilit-ciuve,  10''  ()'"..">. 

Times  of  equal  brightness, 


He  fore 

.\  f  tcr 

Middle 

.i.',) 

9   18.U 

10  .')6.9 

10   7.9 

6.0 

9  31.9 

10  47.9 

10  ;).9 

6.1 

9  4.S.9 

10  28.9 

10   8.9 

Meai 

1  of  niiddU 

limes 

10  8.9 

1889  July  24  ;  nine  observations,  from  8"  40"'  to  11"  0'". 
Observed  as  before,  until  too  low. 

Time  of  minimum  by  single  curve,  10''  26'". 7,  wt.  3. 
Time  of  inininuim  by  mean  liglit-curve,  10''  13'". 1. 
Times  of  ciiual  brightness, 

Before  After 

M  li         I.I  h         III 

6.0  9   42.")  10  ;")6.0 

6.1  10     6. ,5  10  43.5 
Moan  of  middle  times 

U  OphiHcIii. 
In  the  case  of  this  star  the  substantial  coincidence  of  mv 
own  light-scale  with  Chandler's  has  greatly  facilitated  the 
use  of  his  mean  light-curve,  in  Vol.  VII,  p.  138.  The  obser- 
vations were  mostly  made  with  the  opera-glass,  aided  oc- 
casionally by  the  field-glass. 

1889  May  26  ;  five  observations,  from  9''  5'"  to  10''  30'". 
Time  of  minimum  by  single  curve,  9''  26"'. 5,  wt.  2. 
Time  of  minimum  by  mean  light-curve,  9''  29'". 2. 
Times  of  equal  brightness, 

Before  After  Middle 

6.6         9'  9'."o         9  42'.'5         9  25'."7 
1889  May  31  ;  eigiit  observations,  from  9''  0'"  to  10''  4.5'". 
Time  of  minimum  by  single  curve,  9''  31'". 2. 
Time  of  minimum  by  mean  light-curve,  9''  34'". 2. 
Times  of  equal  brightness, 

Before  After  Middle 

e'e      9'  sTo      9'  53T0      9'  so'iV 

1889  June  5  ;  five  observations,  from  g*"  40'"  to  lO*"  40'". 
Time  of  minimum  by  single  curve,  10''  10"'.0,  wt.  3. 
Time  of  minimum  by  mean  lightrcurve,  10''  10'". 9. 
Times  of  equal  brightness," 

Before  After  Middle 

6.5  9  52".0         10'  32'"o         lo'  I2T0 

6.6  10     5.0         10  15.0         10  10.0 
Mean  of  middle  times  10  11.0 


1889  July  1  ;  ten  observations,  from  S*"  55""  to  ll""  la". 
Time  of  minimum  by  single  curve,  9''  58"". 7,  wt.  3.5. 
Time  of  mininmm  by  mean  light-curve,  10''  4'". 4. 
Times  of  equal  l)rightness. 

Before  After  .Middle 

6!r>       9  22'!'o       11'   o'!'o       10'  ll'.'b 

6.6  9   42.0  10   14.0  9   58.0 

Jlean  of  middle  times  10     4.5 

1889  July  6  ;  sixteen  observations,  from  9''  10'"  to  12''  45"'. 
Moon  about  the  fust  quarter,  and  sky  streaked  with  light 
cirrhus  cloud. 

Time  of  minimum  liy  single  curve,  11''  16'". 0,  wt.  5. 

Time  of  minimum  by  mean  light-curve,  11''  26'". 7. 

Times  of  equal  brightness, 


Before 


A  f  ter 


Middle 


6.4 

10  27.0 

12  38.0 

11   32.5 

6.5 

10  45.5 

12  20.0 

11   32.7 

6.6 

10  56.0 

11   38.0 

11    17.0 

Mean  of  middle  times 


11 


1889  July  22  ;  thirteen  observations,  from  8''40'"  to  IPSO" 
Time  of  minimum  by  single  curve,  9''  51™. 6,  wt.  5. 
Time  of  minimum  by  mean  light-curve,  9''  58.5. 
Times  of  equal  brightness, 

Before  After  Middle 

CkO         8  5  4"  5         11     9"b 

6.6  9  30:5         10  20.5 

6.7  9  43.5  9  58.0 
Mean  of  middle  times  9  56.0 

1889  Aug.  22  ;  twelve  observations  from  8*'  25""  to  1 1''  20" 
After  10''  the  sky  was  more  or  less  hazy. 

Time  of  minimum  by  single  curve,  10''  15"'. 2,  wt.  4.5. 
Time  of  minimum  by  mean  light-curve,  10''  16'".  1. 
Times  of  equal  brightness. 


10 

1.8 

9 

55.5 

9 

50.7 

Before 


.Vfter 


6.4  9  21.7         11   12.7 

6.5  9  43.7  10  53.7 

6.6  10     1.7         10  28.7 
Mean  of  middle  times 


Middle 

ll  Ml 

10  17.2 
10  18.7 
10  15.2 
10  17.0 


1889  Aug.  27  ;  fifteen  observations,  from  7''  55"'  to  IP  45" 
Time  of  minimum  by  single  curve,  lO*"  36"". 5,  wt.  4.5. 
Time  of  minimum  by  mean  light-curve,  10'' 42'". 4. 
Times  of  equal  brightness, 

Before  After  Middle 

e's  9   54T7  id  44T9  10  49'!8 

6.6         10  16.0         10  54.5         10  35.2 
Mean  of  middle  times  10  42.5 
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Recapitclation  of  Cambridge  Mean 

Times  of 

Observed 

Single  Curre 

Mean  Curve 

Equal  Br. 

Minima. 

Sinjtle  Curve       i 

Vleai)  Curve 

Equal  Br. 

U  Ophiuchi 

1889  May 
May 

d         h         m 

26     9  26.5 
31     9  31.2 

9'  29?2 
9  34,2 

h         01 

9  25.7 
9  30.7 

(J  Cephei 

1888  Oct.    lo'' 11 '18.4 

11    13'."l 

11"  is!-? 

June 

5  10   10.0 

10   10.9 

10  11.0 

1889  May      0     9   16.5 

9    15.0 

9   13.0 

July 

1     9  58.7 

10     4.4 

10     4.5 

U  Coronae 

May    18     9  18.0 

9   19.5 

9   19.0 

July 

6   11    16.0 

11   26.7 

11   27.4 

June  18  10  22.6 

10  19.3 

10  20.0 

Julv 

22     9  51.6 

9  .58.5 

9  .56.0 

S  Librae 

July    17  10  12.4 

10     6.5 

10     8.9 

Aug. 

22  10   15.2 

10   16.1 

10  17.0 

July    24  10  26.7 

10   13.1 

10  22.1 

Aug. 

27  10  36.5 

10  42.4 

10  42.5 

Dorchestei 

,  Mass.,  1889  Se^yt.  12. 

OX   THE   VARIABLE  W  VlJiGiyiS, 

By  p.  S.  YEXDELL. 


Tlie  star,  which  is  interesting  as  being  the  only  known 
variable  of  short  period,  not  of  the  Al(jol-ty[)e,  of  strictly 
telescopic  magnitude,  has  of  late  years  been  rather  neglected 
by  observers.  On  this  account,  I  began  a  series  of  observa- 
tions of  it  this  year,  and  have  obtained  twenty-two  observa- 
tions of  it  between  May  24  and  July  24,  from  which  four 
maxima  have  been  deduced  by  the  use  of  Scuonfeld's  light- 
>i'ale  and  mean  light-curve,  as  published  in  the  Astronomische 
Xachrichlen,  Vol.  LXXXI,  p.  161.  These  maxima  are  given 
l)e)ow  : 


Epoch 

ISSII 

w 

O-C 

O-C 

425 

Mav  29.4 

5 

—1.83 

—0.46 

426 

June  17.16 

3 

—0.44 

-1-0.93 

427 

July    6.06 

1 

-f-1.18 

-t-2.56 

428 

20.8 

4 

—1 .35 

+0.03 

The  maxima  of  epochs  425  and  428  were  deduced  from 
single  curves  formed,  respectively,  from  seven  and  eight 
observations,  and  are  accordingly  assigned  the  highest 
weight ;  that  of  epoch  426  by  the  use  of  the  mean  curve 
from  four  observations,  one  near  the  maximum,  and  three 
on  the  falling  curve  ;  and  that  of  427  from  only  two  obser- 
vations upon  the  rising  curve,  on  which  account  a  nominal 
value  only  has  been  given  it. 

Dorchester,  1889  August  24. 


Thastar  disappears  at  minimum  in  my  telescope. 

As  the  residuals  from  these  observations  appear  to  indi- 
cate a  sensible  correction  to  Schokfeld's  elements,  an 
attempt  has  been  made  to  determine  the  value  of  such  cor- 
rections ;  by  treating  these  residuals  in  connection  with  those 
of  Schonkeld's  to  which  access  was  available,  namely,  from 
the  star's  discovery  in  1866  until  1872,  covering  in  all  122 
periods  of  the  star,  and  applying  the  method  of  least-squares, 
a  correction  appears  to  be  indicated  to  the  principal  eiK>ch 
of  -1-0''. 0123,  and  to  the  period  of  — 0''.00276.  The  result- 
ing elements  are,   1869  April  25.678  -t-  17'.26987£. 

The  residuals  obtained  by  the  use  of  these  elements  show 
a  mean,  by  weights,  of  +0''.052,  as  comparetl  with  — 0'*.16 
from  those  of  Souoxfeld  ;  the  earliest  and  latest  groups  of 
observations  are  better  represented  by  them,  and  the  inter- 
vening ones  at  least  as  well. 

The  above  attempt  at  a  determination  is,  from  the  nature 
of  the  ease,  provisional,  my  own  observations  not  furnishing 
sullicient  material  for  either  a  mean  curve,  or  a  fairly  defini- 
tive light-scale  ;  but  it  may  be  of  some  use  pending  a  more 
definitive  discussion. 

The  residuals  given  by  my  own  observations,  by  the  use 
of  the  above  elements,  are  given  in  the  table  of  maxima 
above,  under  the  heading  O — C". 


OCCULTATIOX  OF   .///'/ 77.7.'.    ISSi)   SEPTEMBEK   :i, 

OllSKItVKli    AT   nil:    1IAI.STK1I   OlI.SKKVATOltV,    PItlSCKTOX.    N.J. 

Bv  C.  A.  YOUXC. 


It  was  intended  to  observe  the  phenomenon  spectropcopi- 
cally.  but  on  making  the  necessary  preparations  it  was  found 
impossible,  on  account  of  the  extreme  haziness  of  tiie  air,  to 
gel  a  spcctiuin  of  Jupiter  t)righl  enough  to  show  the  lines 
distinctly  :    in  the  spectrum  of   the  moou  even   they  were 


hardly  visible.  The  plan  was  therefore  reluctantly  aban- 
doned, and  I  contented  myself  with  simple  time  obser- 
vations. 

The  instants  of  immcrsiou  were  observed  as  follows : 
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'I'liinl  sali'llilt'  (ci'iilri') 
Si'coiul      ••  '• 

Foiirlli      ••  " 

,     .,      I   1st  coiuuct 

First  satellite 


Sid.  T. 

•20'  Sg'ot'.S 
40  2'.). 6 
■1.')  14.3 
•47  7.8 
48   13.1 

20  48  42.5 


G.M.T. 

14  41  "'5.0'. 9 
45  27.1 
50  41.0 
•52  4.3 
53     9.4 

14  53  38.7 


At  emersion  the  planet  was  so  much  lower,  and  the  haze 
so  much  thicker,  that  it  was  necessary  to  reiUiee  the  ]iower 
to  160;  with  this,  tiie  moon's  surface,  in  color  and  l)ri};ht- 
ness,  looked  much  like  a  piece  of  orange  peel. 

Emersions  were  noted  as  follows  : 


'I'lic  whole  ;ipoitiiic  of  tlie  telescope,  23  inciics,  was  used, 
with  a  power  of  480.  The  moon's  dark  limh  as  it  crossed 
the  planet's  disc  was  sharply  defined,  and  no  sensible  dis- 
tortion of  the  outline  of  the  disc  could  be  detected,  nor  any 
chanjje  in  the  appearance  of  the  markings  on  the  planet's 
surface  ;  but  the  light  was  so  feeble  that  they  were  not  very 
well  seen. 


Sid.  T. 


G.M.T. 


Third  satellite 
Second  satellite 


21    2C  47.3  =   15  31   37.3 
21   31     3.4  =  15  35  52.6 


*  I  suspect  an  error  of  one  minute  liere  (4G  instead  of  47).  I  no- 
ted the  seconds  myself,  from  the  magnet  beat  of  the  clock^  but  the 
minutes  were  noted  l)y  my  assistant,  who  called  oil'  every  tenth 
second  from  the  clock-face.  The  interval  between  the  two  con- 
tacts ought  to  l)e  about  two  minutes,  according  to  Mr.  Hf.i,i..\my 
(A./.  201). 

Princeton,  X.J.,  1889  Sept.  9. 


Before  the  fouith  satellite  reappeared  a  liank  of  fog  ob- 
scured the  moon  so  that  the  satellite  was  not  seen  until 
it  was  some  seconds  distant  from  the  moon's  limb.  The 
edge  of  the  planet  was  first  dimly  seen  through  the  fog, 
emerging  from  behind  the  moon  at  21''  36'"  16"  Sid.  T  = 
15''  41'"  4'. 5  G.M.T.,  probably  a  number  of  seconds  late. 
At  21"  37'"  41"  Sid.  T.  =  15"  42'"29'.5  G.M.T.,  I  thought 
the  planet's  disc  was  clear  of  the  moon,  but  the  image  was 
so  faint  that  1  have  no  confidence  in  the  observation.  The 
first  satellite  was  not  seen  at  all  after  its  emersion. 


OCCULTATION   OF   JUPITER,   1889   SEPTEMBER   3, 


.\s   observed  at  the 
Observations  of 

For  observiiiu'  the  oceultatiou  of  Jupiter  on  the  afternoon 
of  Sept.  3,  1  useil  a  power  of  261  on  the  36-iucb  equatorial. 
and  recorded  time  on  a  chronograph  by  the  No.  7  clock, 
which  is  regulated  to  Pacific  Standard  Time. 

Observation  was  begun  about  twenty  minutes  before  the 
time  of  first  contact,  as  computed  by  Mr.  Hii-l,  in  order  to 
note  the  disappearance  of  the  satellites,  but  although  the 
satellites  were  visible,  they  were  too  faint  to  be  held  steadily, 
and  the  attempt  was  ab.andoned.  The  seeing  was  not  very 
good,  and  the  disc  of  Jupiter  was  pale  and  rather  ill-defined. 
The  stronger  markings  on  his  surface  could  be  made  out 
fairly  well.  The  advancing  limb  of  the  moon  was  entirely 
invisible. 

At  every  suspected  fiatteuiug  of  the  limb  of  Jupiter  I 
touched  the  key.  The  time  recorded,  when  I  was  sure  that 
first  contact  had  occurred,  was  5''  32'"  14*.  9,  and  was  esti- 
mated to  be  2* late. 

At  the  disappearance  of  Jupiter  the  light  seemed  to  per- 
sist remarkably  after  the  time  of  geometrical  contact,  but 
by  comparing  the  time  required  for  the  moon  to  cover  his 
disc  with  the  observations  of  others,  and  with  those  made  at 
emersion,  it  appears  probable  that  this  was  an  illusion.  The 
last  glimmer  of  light  was  noted  at  5"  34'"  24^5. 

AVheu  the  telescope  (which  had  remained  clamped  in 
declination)  was  directed  to  the  bright  limb  of  the  moon 
about  tea  minutes  before  the  computed  time  of  emersion, 
the  third  satellite  was  seen  at  a  little  distance,  and  shortly 
afterward,  at  6"  18'°  12M  satellite  II  was  seen  about  b"  clear 


I.ICK     OBSBRVATOItY, 

J.  E.  KEELER. 

of  the  limb.     The  point  of  reappearance  was  thus  exactly 

indicated. 

At  6"  23™  22'.0  satellite  IV  was  first  seen.  2'  clear  of  the 
limb  of  the  moon. 

The  limb  of  Jupiter  was  first  visible,  1*  clear  of  the  moon, 
at  6"  25'"  52S0.  As  the  disc  emerged,  the  belts  and  other 
markings  were  well  seed.  The  great  red  spot  had  just 
crossed  the  meridian,  the  notch  followin'g  it  on  the  southern 
equatorial  belt  being  almost  exactly  central. 

The -fourth  contact  was  difHcult,  on  account  of  the  bright- 
ness of  the  moon  and  the  defective  illumination  of  Jupiter's 
preceding  limb.     It  was  recorded  at  6"  28"'  12\5. 

Satellite  I  was  first  seen  at  6"  29'"  47'. 6.  by  estimate  V 
clear  of  the  moon. 

Clock  No.  7  was  found  by  Mr.  Hili.  to  be  0'.49  slow  of 
Pacific  Standard  Time.  Applying  this  correction,  reducing 
to  Lick  Observatory  mean-time,  and  allowing  for  the  esti- 
mated error  of  each  observation  as  recorded  above,  we  have 
the  following  as  the  results  of  the  contact  observations. 


E.O.  Mean  Time 


First  contact 
Second  contact 
Reappearance  of  satellite  II 
Reap()earauce  of  satellite  IV 
Third  contact 
Fourth  contact 
Reappearance  of  satellite  I 


5 

25 

39.1 

5 

27 

50.7 

6 

11 

33  ± 

6 

16 

46.2 

6 

19 

17.2 

6 

21 

39  ± 

6 

23 

12.8 

^ 
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Observations  of 
The  oecultation  of  Jupiter  by  the  moon  Sept.  3  was  ob- 
served with  the  12-ineli  equatorial,  a  rna<:nifying  power  of 
ir>0  being  used.     Mr.   Flii.r,  iiad  graphically  computed  the 
times  of  the  different  plienomena. 

Immkhskin. 
Tlie  satellites  could  not  be  seen  at  immersion.  There 
seemed  to  be  a  faint  outline  of  light  bounding  the  moon's 
edge  where  it  crossed  Jupiter.  This  was  probably  an  effect 
of  contrast.  A  large  mountain  broke  the  curve  of  the 
moon's  limb,  and  was  seen  to  shift  its  place  on  the  disc  of 
Jiqiiter  as  the  planet  moved  diagonally  behind.  The  seeing 
was  poor  (=2),  and  the  second  contact  was  observed  only 
as  a  slowly  fading  diffused  spot  or  glow  of  light,  as  if  the 
planed  w(MT  disappearing  through  a  dense  atmosphere. 
I,.t>.  .Mean  Tinii' 


First  contact 
Second  contact 


i)     2;")     41.3     quite  good 
o     27     47.3     good 


Emehsion. 
Through  liaving  inadvertently  fixed  the  eye  on  tlie  wrong 
point  of  the  moon's   limb,   the  planet  was  not  seen  at  the 

Ml.  Ifiimillon,  im'.)  Sept.  3. 


E.  K.  BAKX.VRIJ. 

third  contact  until  a  considerable  fraction  of  the  disc  had 
emerged,  and  the  time  was  not  noted.  Fourth  contact, 
C'  21"'  38". 3,  very  uncertain.  A  rather  singular  phenomenon 
occurred  just  before  last  contact,  that  completely  vitiated 
any  accurate  observation.  The  edge  of  the  moon  crossing 
Jupiter  was  bordered  by  a  diffused  dark  shading,  probably 
4"  or  o"  wide  ;  through  this  the  planet  was  seen  to  be  badly 
distorted,  and  completely  obliterated  near  the  moon's  liml). 
When  the  limb  of  Jupiter  was  finally  seen  it  was  very  faint, 
and  appeared  to  be  pushed  up  towards  the  center  of  the 
planet. 

It  seemed  to  me  that  this  dark  bordering  of  the  moon's 
edge  extended  all  around  the  bright  limb,  and  not  only  where 
it  crossed  Jupiter,  and  was  probably  due  to  the  bad  seeing. 

The  following  estimates  were  made  of  llie  aj^parent  bisec- 
tion of  Jupitei'.f  disc  by  tiie  moon. 


Immersion,  ^  obscured 
Emersion,  i  uncovered 
First  satellite  at  emersion 


5  26     46.2 

6  19     53.1 
6     23     1.0.7     (uncertain) 

The   entire  oecultation   was  over  before   sunset.     These 
records  are  in  Mt.  Haniillon  mean  time. 


Oli-KRVATIIIN'S    oi 

1  oliserved  the  occullalioii  of  Jupiter  hy  the  moon  on  the 
afteruor)n  of  September  3,  1.S.S1),  using  the  G^-iuch  equa- 
torial. Previous  to  the  phenonieuon,  I  compared  all  the 
chronometers  with  the  standard  clock  (they  are  also  coni- 
|)ared  at  ID  a.m.  each  day).  Times  were  noted  on  M.T. 
Chronometer  No.  16G7,  in  my  own  observations,  which  fol- 
low : 

hlMKltSION. 

With  |)ower  of  about  7.')  diameters.  Planet  fairly  bright, 
moon's  limb  invisible  ;  eoidd  not  see  any  of  the  satellites. 
Notch  in  Jupiter  first  noticed  at  5''  25'"  31".7  by  clu'onometer, 
and  recorded  "  probably  3''-5''  late."  The  disappearance 
seemed  jierfectly  normal  until  near  the  last,  when  the  minute 
segment  of  the.  planet  reuuiiniiig  grew  very  indistinct,  and 
was  by  no  ineans  the  sharp  tine  line  which  the  moderately 
good  deliiiition  would  have  inclined  the  observer  to  expect. 
l''iual  disa|)pe!irauee  was  recorded  al  5"  27'"  3(1'. 

Kmkusion. 
Eyepiece  changed  for  one  of  l.'iO  dianu'teis.  There  beint; 
no  |)ositiou-circle  available,  I  depen<led  upon  an  eslimalcd 
point  of  emergence  which  proved  to  be  considerably  too.  tar 
north.  The  recoiilcd  time,  (i''  I'.i'"  1.'!'  by  chronometer,  is 
l:ili'  :  wlicii  liisl  srcii  the  planet  was  uncovered  to  a  depth  of 
alioiil  :;"±.  [From  the  projection  of  the  oecultation  which 
I  made  for  the  predicted  times,  this  estimation  would  give 


CII.\lU.I-;s  B.   IIII,!,. 

true  eonlaet  about  7'  earlier.]  This  -segment  when  first 
seen  was  exceedingly  faint  in  comparison  with  the  bright, 
sharp  border  of  the  moon ;  as  emergence  progressed  the 
planet  seemed  to  become  much  brighter,  and  the  two  satel- 
lites which  had  preceded  were  clearly  visible.  The  markings 
on  Jupiter  were  plain  enough,  except  at  the  moon's  limb, 
and  here  there  seemed  to  be  a  marked  shading  —  a  fringe 
of  6"  or  8"  in  width.  The  effect  was  probably  analo<;<ius 
to  the  irradiation  visible  on  the  limb  above  and  below  the 
l)Ianet,  but  it  certainly  seemed  very  exaggerated.  It  made 
the  emerging  border  so  indistinct  that  last  contact  was  one 
of  the  most  dillh  ult  to  note.  1  placed  it  at  6"  21"'  27'.5  by 
chronometer.  The  last  satellite  (I)  was  caught  at  6''  23"' OI-. 
when  well  clear  of  the  moon's  limb,  ■■  2  or  ."!  seconds  late." 

The  correction  to  chronometer  on  L.  O.  mean  time  was 
-l-ll'.S  at  innne\sion,  and  +12'. 0  at  emersion  ;  the  corrected 
times  are  : 

IflMKUMON. 


Contact  I, 
Contact  II, 


Contact  III. 
Contact  IV, 
Satellite  1. 


25     43.5 
27      17. .s 

l^MKK-ilOX. 


"3"  to  5'  late 
f.'iirly  gooii. 


25.0  ;  [7-  lat*.] 
3;i.5  ;  doubtful. 
16.0   ;     •'  2-3  sec: 


late 
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Ohskrvations  or  ARMIN  O.  LEUSCHNER. 

The  contacts  were  observed  with  the  4-inch  broken-tube 
comet-seeker  of  the  Lick  01)serv:itory,  and  a  i)ower  of  about 
50  diameters.  In  iiis  report  on  tiie  occultation  of  Jupiter, 
188!)  March  23,  Mr.  Hill  has  pointed  out  that  the  prism  of 
this  instrument  gives  ratiier  poor  images  of  brigiit  stars  and 
phmets.  The  times  were  taken  from  sidcrial  chronometer 
No.  1720. 


Immersion. 

The  moon'.s  liiiil)  was  rather  unsteady  before  immersion, 
and  this,  as  well  as  the  briglit  davliglit,  rendered  tiie  obser- 
vation of  tiic  first  two  contacts  quite  difficult.  The  times 
were  noted  as  follows  : 

Lick  Obxervalory ,  188'J  Seplemher. 


L.O.M.T. 
First  contact,  5''  25"'  -ll'.G     good. 

Second  contact,         5    27     43  .!(        " 
At  second  contact  Japiter  disappeared  from  two  to  three 
times.     The  last  gliin[)se  of  it  was  caught  at  the  lime  given 
above. 

Kmeksion. 
At    emersiim    the    atmospheric   disturbance    had    almost 
ceased,   miiiI   the   moon's  limb  was  well   defined.      Jupiter's 
linili  was  first  seen  at 

6"   1!)'"  26".2 
The  fourth  contact  occurred  at 

ei--  21"'  32'.2     good. 
The  satellites  were  not  seen  at  all. 


OCCULTATION   OF   JUPITER,   1889   SEPTEMBER   3, 

Bv  W.   11.  NUMSEN. 


The  phenomena  of  the  immersion  were  well  oliserved,  the 
sky  around  the  moon  being  generally  clear.  At  emersion 
cirro-stratus  clouds  interfered,  and  the  planet  was  not  seen 
until  some  minutes  afterwards. 

Definition  at  immersion  was  only  fair,  the  limb  boiling, 
and  the  satellites  dancing  at  times.  Tlie  dark  limb  of  the 
moon  could  not  be  seen  through  the  telescope,  and  the  times 
given  below  are  for  the  total  disappearance  of  the  satellites, 
and  for  first  and  second  contact  of  Jujiitcr's  limb.  The-tele- 
scope  was  a  4-inch  equatorial,  by  Cooke  of  York,  Eng.  ; 
power  used  120.  Latitude  of  observatory  39°  21'.  Longi- 
tude, 1"'  20'  east  of  Washington. 

Denmore  Observatory,  Baltimore,  Md.,  1889  Sept.  7. 


Third  satellite 

Second  satellite 

Fourth  satellite 

r     ..      f  1st  contact 

Jupiter  -^  .,  ,         .     , 

'  (  2d  contact 

First  satellite 

Seventy-fifth  meridian  time  was  used, 
was  known  by  comparing  my  watch  w 
noon-signal  on  Sept.  2,  3,  4,  when  its  r 

small. 


9     39 

23 

9     43 

57 

9     49 

15 

9     49 

46 

9     .")2 

13 

and  the 

correct  time 

ith  the 

Washington 

ate  was 

found  to  be 

FILAR-MICROMETER   OBSERVATIONS   OF   COMET  c  1889  {BAiiXAJiD  June  23) 

MADE    WITH    THE    12-IXCH   EQUATORIAL, 

By  E.  E.  BARNARD,  Astroxomeu  of  the  Lick  Ohseuvatory. 


1889  Mt.  Hamilton  M.T. 

* 

No. 
Comp. 

-* 

#'sa 
a 

pparent 

8 

log 
for  a 

PA 

ford 

Jiilv  31   14  15  37 

Aug.    6   15     0  59 

6   15   12  21 

15 
16 
16 

6  ,  6 
2 
3 

— s'"  7.V3 

+  2  27.44 

+  0   12.9 
+  8  37.6 

h        111          s 

4     7  45.90 
4  28  49.22 

+  49   46   45.5 
+  50      1    51.4 

/i9.826 
W9.814 

0.413 

9.987 

Mean  Places  for  1889.0 

of  Comparison- Stars. 

* 

Or' 

Red.  to 
app.  place 

s 

Red.  to 
app.  place 

Authoritv 

15 
16 

4   10  53.33 
4  26  21.22 

+  0^.36 
+  0.51 

+  49  46  41.9 
+  49  53  23.0 

—9.3 
—9.2 

Oe.  Arg.  4671 

^(Oe.Arg.4915-16  +  Radcliffe  1255) 

August  G.     The  comet  was  of  the  last  degree  of  faintness,  and  was  observed  with  the  utmost  difficulty.     These  close  the  observE 
tions  of  this  comet. 
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COMET   1888.  r, 


By  E.  E.  B.\KN"AKD,  .AsTitoxoMKU  ok  thk  Lick  Obseiivatohv. 


Tliis  comet,  which  was  discovered  here  on  the  morning  of 
Oct.  31,  188S,  lia.s  differed  considerably  in  its  brigiitness 
from  what  would  be  expected  from  tiiu  laws  of  reflection 
alone. 

On  Jan.  29,  it  was  pretty  briglit  witii  a  star-like  nucleus, 
and  a  tail  20'  long.  Id  February  and  March,  it  was  about 
as  bright  as  wlien  discovered,  five   months  before,  being  an 


easy  object  in  the  3] -inch  finder.  About  April  3,  it  was 
very  faint  and  diflicult;  while  on  April  2C.  it  was  brighter, 
and  had  a  star-like  nucleus  of  tlie  thirteenth  magnitude. 

In  the  last  observations  it  was  extremely  small ;  about  10" 
in  diameter,  very  faint,  but  a  little  brighter  in  the  middle. 

The  following  is  a  continuation  of  the  observations  pre- 
viously publislied  in  A.slronomical  Journal,  No.  185. 


FILAR-iMlCUOMETKR   OBSKRVATIOX.S   OF   COMET  1888  F, 

MADE   Willi    THK    12-I.NCII    lUJ'JA TOItlAI,  OK  THE   UCK   OBSEKVATOKY, 

By  E.  E.  BARNARD. 


Mt. 

Hamilton  M.T. 

* 

No. 

#- 

-* 

^'s  apparent 

log  pA 

1888-89 

Corap. 

Ja 

Jh 

a 

8 

for  a 

tort 

Nov 

ii 
28 

h 

14 

26 

24 

10 

6  ,  3 

—2 

17.72 

—2  33.6 

10 

'is'"  2'.80 

—  9  30 

6.1 

»i9.556 

0.778 

28 

14 

26 

24 

11 

6 

—1 

40.39 

- 

10 

18     2.8 

- 

n9.556 

- 

Dec. 

f) 

14 

54 

0 

12 

10  ,  6 

—0 

45.84 

+  2  15.1 

10 

23     0.3 

—  7  30.0 

9.514 

0.774 

,lan. 

23 

10 

52 

29 

13 

10  ,  7 

—0 

28.82 

+  5  30.8 

10 

11   43.07 

+  15  26 

53.6 

?j9.560 

0..583 

2i) 

13 

0 

23 

14 

12  ,  6 

—0 

10.56 

-1   19.2 

10 

5  22.89 

+  18  50 

25.2 

n8.13-2 

0.442 

Feb. 

8 

1.") 

53 

21 

15 

12  ,  7 

—0 

27.28 

—2  36.8 

9 

53  57.83 

+  24     2 

40.7 

9.591 

0.480 

Mar 

1 

9 

15 

36 

16 

6  ,  6 

—2 

16.55 

+  6  59.6 

9 

32  45.30 

+31  53 

.50.1 

«9.356 

0.049 

Apr. 

3 

10 

10 

58 

17 

16  ,  6 

—1 

25.87 

—1   13.5 

9 

20  40.89 

+  37     8 

13.4 

9.396 

9.623 

2(; 

9 

50 

53 

18 

8  ,  6 

—0 

29.98 

+  1   51.0 

9 

28  39.33 

+  37  44 

14.4 

9.595 

9.991 

27 

11 

13 

54 

18 

14  ,  5 

+  0 

6.50 

+  1  31.3 

9 

29   15.78 

+  37  43 

54.8 

9.720 

0.356 

28 

10 

29 

39 

18 

16  ,  6 

+0 

41.35 

+  1     1.2 

9 

29  50.61 

+  37  43 

24.8 

9.673 

0.210 

2!) 

9 

33 

0 

18 

10  ,  6 

+  1 

16.60 

+  0  25.8 

9 

30  25.84 

+  37  42 

49.5 

9.562 

9.959 

2!) 

10 

13 

28 

19 

10  ,  7 

—1 

34.04 

+0  18.7 

9 

30  27.08 

+  37  42 

53.9 

9.671 

0.149 

Mav 

3 

11 

4 

21 

20 

8  ,  3 

—1 

21.75 

—0   16.7 

9 

33     2. 28 

+  37  38 

31.3 

9.740 

0.393 

• 

17 

9 

22 

36 

21 

8  ,  7 

+  0 

53.02 

—0  22.5 

9 

43  38.45 

+  37   15 

35.7 

9.659 

0.190 

l!l 

9 

3 

51 

21 

8  ,5 

+  2 

34.74 

—4  54.5 

9 

45  20.24 

+  37   11 

3.8 

9.639 

0.149 

21 

10 

18 

56 

22 

4,3 

—0 

2.56 

+  5     9.6 

9 

47     8.26 

+  37     5 

58.3 

9.746 

0.436 

22 

10 

3 

0 

22 

8  ,  5 

+0 

48.94 

+  2  37.6 

9 

47  59.80 

+  37     3 

26.4 

9.620 

q.ioo 

Mean  Places  for  1SS8.0  and  1889.0  of  Compainson- Stars. 


* 

a 

Red.  to 
app.  place 

8 

Red.  to 
app.  place. 

Authority                            1 

10 

1 
10 

20 

18.64 

+r.88 

—  9  27  87.7 

+  5.2 

Weisse's  Bessel  1 0\  3 1 8      [  1 0",  8 1 8  i 

11* 

10 

19 

41.30 

+  1.89 

—  9  29.7 

SDM.  — 9°3069comp.  in  .«  with  W.B. 

12 

10 

23 

44.0 

+  2.09 

—  7  32.3 

+  3.5 

SUM.— 7''3044 

13 

10 

12 

11.53 

+  0.36 

+  15  21   26.8 

— 1.0 

Ri'imker,  y<tcli.  No.  7 

14 

10 

5 

33.03 

+  0.42 

+  18  51   49.8 

—5.4 

Weisse's  Hessel  10\  58-59 

15 

9 

54 

24.40 

+  0.71 

+  24     5  23.0 

—5.5 

Lahinde  19544 

16 

9 

35 

1.00 

+  0.85 

+  31   46  53.4 

—2.9 

Woisse's  Bessel  9\  696 

17 

9 

22 

6.27 

+  0.49 

+  37     9  23.9 

+  3.0 

Weisse's  Bessel  9\  418 

18 

29 

9.16 

+  0.15 
+  0.12 
+  0.10 
+  0.OS 

+37    12   17.S 

+  5.6 
+  5.6 
+  5.8 
+  5.9 

Coinp.  with  Weisse's  Bessel  '.''■.  488 

i 

19 

•1 

32 

1.02 

+  0.10 

+  37  42  27.5 

+  7.7 

Coinp.  with  *  1> 

20 

9 

34 

23.99 

+  0.04 

+  37  38  42.0 

+  6.0 

Conip.  with  Wei.-ise's  Hessel  '.'",  736 

21 

9 

42 

45.35 

+  0.08 
+  0.15 

+  37  15  51.6 

+  0.6 
+  6.7 

Weisse's  Bessel  9'',  856 

22 

9 

47 

10.59 

+  0.23 
+  0.27 

+  37     0    11.9 

+  6.8 
+  6.9 

Conip.  with  Weisse's  Bessel  '.i\  896 

•  R.A.  of  SDM.  Is  l-  too  great. 
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.Star- Co 

iiijxiri.sun.'i. 

Stars 

Comp. 

J« 

JS 

No.  11 
18 
19 
20 
22 

—\\.  Hessel  10'',  318 
— W.  licssel  9",  488      • 
—No.  18 

— W.  Hessel  9",  736 
— W.  Bessel  9",  896 

6 

6.3 
4.3 
4.3 
6.3 

— o"'37!34 
+  3  33.63 
+  2  51.86 
—1  54.75 
+  2  41.06 

—2  56.7 

+  0     9.7 
+  0  32.7 
+  0   12.2 

Ml.  Hamilton,  1889  SeptP7iiber. 


EPHEMBKIS   OF   CO^IKV  d  1880, 


(Continued  from  pajju  .s(i.) 


Gr.M.T.  I,S8!1 

^PP-  a 

A  pp.  ,V 

lose  ,• 

1<>^'  A 

Br. 

Gr.M.T.  188!! 

•VPP- 

a 

.\pp.  ,N 

log  r 

log  A 

Br. 

Oct.    16.5 

23 

42  36 

—4    10.2 

o.;)04(; 

0.0371 

1.90 

Oct.   30.5 

23  42 

•21 

—2  53.(1 

18.5 

42  16 

4     0.7 

Nov.    1.5 

42 

53 

2  39.11 

(l.;!()95 

().0H35 

1.50 

20.5 

41   59 

3  50.7 

0.305f, 

0.(M74 

1.80 

3.5 

43 

"27 

2   2(;.  1 

22.5 

41   51 

3  40.2 

5.5 

44 

7 

2   12.1 

ii.;iiio 

0.0966 

1.1(1 

24.5 

41   49 

3  29.2 

0.3068 

0.058S 

1.70 

7.^5 

44 

54 

1    57.9 

■2(;.5 

41   55 

3  17.fi 

Nov.    9.5 

23  45 

47 

—  1    l;!.() 

o.;'.i2(; 

(1.1  1(12 

l.:il 

Oct.   28.5 

23 

42     7 

—3     5.0 

0.30.S1 

0.0708 

1.60 

EPHEMERIS   OF   YAEIABLES   OF   THE   ALGOL-TYFE, 

.Vpproxini.ite  Greenwicli  M.T.,  1880. 

For  remarks  and  coniparisou-stars,  see  Vol.  VII,  p.  187  ff.  The  uncertainty  which  has  for  some  time  existed  as  1o 
the  time  of  minimum  of  Y  Cygni  has  been  iu  a  measuKe  removed  by  observation  of  a  minimum,  imperfectly  obtained,  ou 
1889  Aug.  25,  at  about  16''  Gr.  M.T.  :  ou  which  depend  the  times  given  below,  as  well  as  those  iu  the  ephemcris  in  No. 
201.  From  lack  of  recent  observations  tlie  opocii  for  R  Canis  Majorix  is  now  somewhat  uncertain,  perhaps  by  ;i  coupU'  of 
hours. 
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9   15 
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14  15 

JJOphiuchi 

19   12 

U  Cephei 

24    14 

Algol 

29   11 

r Cygni 

9   16 

Ji  Canis  Maj. 

15   15 

U  Cephei 

19   14 

H  Canis  Jla 

.      24    16 

U  Opbiuclii 

29   13 

U  Coronae 

10   13 

r Cygni 

15   16 

U  Ophiuchi 

20     8 

rCvgni 

24   16 

f  '  Cephei 

29   14 

Algol 

12     6 

).  Tauri 

10   10 

X  Tauri 

20     8 

S  Caiicri 

24   22 

f  Ophiuchi 

30     9 

;.  Tauri 

12   11 

li  Canis  Maj. 

16   17 

yCygui 

21   16 

U  Opiiiuehi 

25     9 

rCvgui 

30  16 

3'Cvgni 

12   16 

U  Coronae 

17   11 

Ji  Canis  Maj. 

23   13 

E  Canis  Ma 

j.      25   20 

E  Canis  Maj. 

31    12 

f^Ophiuchi 

13   15 

11  Canis  Maj. 

17  21 

Algol 

23  17 

Algol 

26   14 

C7  0phiticlii 

14   11 

Y Cygni 

18   16 

(/Ophiuchi 

24  12 

Y Cygni 

27  16 

C  O  N  T  E  N  T  S  . 

Observations  ok  \'auiaules  of  tuk  AmoL-Tvi-E.  liv  Mu.  P.  S.  Yendei.t.. 
On  tub  Variable   }V.  Vikginis,  by  Mk.  P.  S.  Yendell. 

OCCCLTATION   OV   .TUPITER,    1880    SEPTEMBER  3,    BY   PrOF.    C.    A.    YoUNG. 

Occultation  of  Jupiter,  I88I1  September  3,  as  Observed  .it  the  Lick  <.)bsei:\at(>rv  : 

Observations  of  Prof.  J.  E.  Keei.er. 

Observations  of  Prof.  E.  E.  Barnard. 

Observations  of  Mr.  Charles  B.  Hill. 

Observations  of  Mr.  Armin  O.  Leuschner. 
Occult.\tion  of  Jupiter,  1880  September  3,  by"  Prof.  W.  H.  Numsen. 

Filar-Micrometer  OBSERv.vrioNS  of  Comet  c  1880  (Barnard,  June  23),  by'  Prof.  E.  E.  Barnarh. 
Comet  1S8S  F,  by'  Prof.  E.  E.  Barnard. 
Epiiemeris  or  Comet  d  18s0,  by  Mr.  S.  C.  Chandler. 
Ephemeris  of  Variables  of  the  Algol-Ty'PE,  by'  Mr.  S.  C.  Chandler. 
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OX  lp:yerrier's  determixatiox  of  the  secoxd-order  terms  IX 

THE   SECULAR   MOTIOXS   OF   THE   ECCENTRICITIES   AXD 
PERIHELIA   OF   JUPITER  AXD   SATUIi2^. 

Bv  G.  W.  HILL. 


I  wish  to  call  atteution  to  .some  reniarkahle  peculiarities 
in  the  results  obtaiued  by  LeVekiueu  {Annales  de  I'Observa- 
toire  de  Parix,  Mhnoires,  Tom.  X,  pp.  239-2C0).  It  is  well 
kiiowu  that  these  terras  augment  the  motion  of  the  mentioned 
elomenis,  which  is  obtained  from  the  sole  consideration  of 
the  tirst  power  of  the  disturbing  force,  by  nearly  a  fourth 
part.  Hence  their  importance  from  a  practical  point  of 
view.  The  subject  is  treated  again  by  LeVekhiek  (Tom. 
XI,  pj).  20,  23,  53,  56).  Taking  from  the  latter  place  the 
numerical  data  we  need  for  our  discussion,  the  terras  in- 
volving the  relative  position  of  the  planes  of  the  orbits  may 
be  set  aside  as  having  scarcely  any  importance  in  the  matter  ; 


also  the  few  terras  of  the  third  and  fourth  orders  with  re- 
spect to  the  disturbing  forces,  which  LeVerrier  has  derived, 
and  which  scarcely  augment  the  precision  of  his  final  results, 
may  be  neglected.     For  LeVerrier's  values  of  the  masses 

1  ,  1         u  u     • 

— — — -,  Ml  =  ...^.  „    be    substi- 


let  Bessel's  values  m  ■■ 


1047.879  3501.6 

tuted. 

With  these  modifications,  no  longer  keeping  separate  the 
portions  having  diflferent  mass-multipliers.  LeVerrier's  re- 
sults take  the  reduced  form  of  the  four  following  differential 
equations  which  the  variables  e,  u>,  e'  and  u>'  must  satisfy  :  — 


e      dui 
eosV'  dt 


1 

cosv' 

rfe 
'  dt 

e' 

dm' 

008  v'"' 

dt 

^  —  +  8".243933e  +  48".7566e''  +  263".169ee'-  +  2437".73e^  +  40886''.0  eV=  +  563o2'.0ee" 

(  _4".66583.Je'  — 239".065eV  — 205".900e"      1         ..,     ., 
■^  \  —  20396".8  eV  —  101809".8  e'e'^  —  30842".5  e"  j  ^"^^^      ""^ 

-t-|123".837ee'-'  +  27073".9eV*  +  37132".8ee'*(cos  2(<1'— i) 

—  1 1 1 0.')".2  e-e'"  cos  3 (i'  —  i) , 
(  5".224151e' -I-  79".688e-e' -(-  205".900e'^  |    .      .,     , 
I  +  4063".56cV'  +  33904.1  e-e"  4-  30842".5e'M  ^"H""— •"> 

—  }123".837ee'=  4-  13516".86e'e'=  4-  37132".S  .'(-"^sin  2(i'— i) 
4-  11105".2<re'''siu  3(i'— i), 


=  4-  18".12312e'  4-  648".265e'e'  4-  828".207e' 

4-  277780". 7  eV  4-  50369". 6  e*e' 
—  12".482489e 


1 25 176". 4  e'^ 


{: 


-  196".160e'—  1523".643ec'n  .,     ., 

250947".l  eV"  —  380667" ee'*  1  '''*^  ^"      '"' 


1 
cosv'' 


10061". 7e'  —  250947". 1  eV"  —  380667" ee'*  J 
4-  |305".012cV'  4-  183474".2e»e'»  4-  33426".6e*e'|  cos  2(i'— i) 

—  27503". 5  e'e"  cos  3(ii' — i), 
1      'le^  _    f  —  12".4S2489<!  — 196".160f>^  — 507".856ee"1    .  ' 
i^  di  ~   1  —  1006r'.7  e'  —  83757".2  rV"  —  76591"  ee'*  J  ^'"  ^^  ~"'' 

4-  j306".012eV  4-  91976".7e»e'''  4-  33426".6 e'e'j  sin  2(i'— i) 

—  27503". 5  e'e'-  sin  3(<1'— i). 
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Some  of  the  coefticients  in  these  e(iu:iti()ii.s  arc  idcnticul, 
and  others  are  seen  to  satisfy  certain  relations.  To  explain 
these,  it  may  lie  remarked  tiiat  when  we  confine  our  atten- 
tion to  the  first  power  of  the  disturbing  force,  the  second 
members   of    the    equations    are   constant   multiples  of   the 

e      ^  _  _       1        ?R      _ 

dl  my/ (id  PS)  ■   ~"' 

1      jfn    ^ 

viy/iTdpe 

1        PJl    ^ 

ni'sj :iMx<  p^' 

1  ?E  _ 

m'y//Iw  pe' 

Hut  when  we  wish  to  add  to  the  terms  of  the  first  order 
with  respect  to  disturbing  forces  those  of  two  dimensions 
with  respect  to  the  same  (juantities,  the  foregoing  relations 
are  no  longer  rigorously  fulfilled,  because  some  of  the  new 
terms  result  from  the  substitution  in  the  portion  of  the  per- 
turbative  function  which  denotes  the  reaction  of  the  planet 
on  the  sun,  and  for  which  we  do  not  pass  from  the  value  for 
one  planet  to  that  for  the  other  by  multiplying  by  a  constant. 

However,  certain  considerations  connected  with  the  possi- 
bility of  having  the  same  perturbative  function  for  both 
planets,  through  an  orthogonal  transformation  of  variables, 
would  seem  to  show  that  the  relations  given  above  could  not 
be  greatly  disturbed. 


cos  ^''   dt 


pariial  derivatives  of  the  same  function  R,  so  that  represent- 
ing one  of  the  terms  of  R  by 


Aeje'^'  eosJ(ai' — 5), 


we  have 


—z^jAe'e'''6\n  /(i' — u>), 

m^y/fta 


iAe'  'e''' cos  J(a>' — w), 


jAe'e'''  sin./(ai' — w), 


1 

iriy/JId 

1 
m'y/ixia 


— ,   , i'Ae'c'''^^  cos  i(u>' — oi). 

m'y/n'tv 

For  the  purpose  of  exhibiting  this  quality  from  the  four 
equations  which  have  been  given,  we  remark  that  they  will 
furnish  from  one  to  four  values  for  A.  the  coefficient  of  any 
term  of  R. 

I  have  prepared  the  following  table  showing  the  agree- 
ment or  disagreement  of  the  several  values.  To  obtain  it 
we  make  the  following  assumptions :  let  the  linear  unit 
adopted  be  the  semi-axis  major  of  Satm-n,  then  the  loga- 
rithm of  that  of  Jupiter  will  be  9.7367410,  and  the  mass  of 
the  Sun  being  denoted  by  unity,  we  shall  have 


log 


my/  /j-aj 


3.1.517336,     loo 


1 


m'y/  fl'W 


=  3.5442045. 


Term  of 

Vafiies  of  A  from  iMiuations 

Ji 

I. 

n. 

JII. 

IV. 

Ae- 

+   0.002906504 

" 

" 

// 

Ae'"' 

+   0.002588204 

Ae* 

+  0.00859488 

Ae-e'^ 

+   0.0927836 

+   0.0925802 

Ae'* 

+   0.0591391 

Ae" 

+   0.2S648 

AeV- 

+    7.2074 

+   7.1934 

Ae-e'^ 

+  19.821!) 

+  19.8352 

Ae" 

+   5.9589 

Aee'  cos(w' — m) 

—  0.003289999 

—  0.003683681 

—  0.003565305 

—  0.003565305 

Ae^e'  cos(w'— (o) 

—  0.056190 

—  0.056190 

—  0.056028 

—  0.0056028 

Aee'^  cos{co' — w) 

—  0.145185 

—  0.145185 

—  0.145063 

—  0.145063 

AeV  cos((b' — w) 

—  2.87646 

—  2.86532 

—  2.87387 

—  2.87387 

AeV'-^  cos(q)' — to) 

—23.9296 

—23.9066 

—23.8922 

—23.9231 

Aee"  cos  (o)'— to) 

—21.7478 

—21.7478 

—21.7456 

—21.8763 

Ae-e'-  cos  2(w' — to) 

+   0.0436603 

+   0.0436603 

+    0.0435595 

+   0.0435595 

Ae^e'-  cos  2(a)' — to) 

+   4.77262 

+  4.76554 

+   4.77373 

+   4.77373 

Ae-e'*  cos  2(a)' — w) 

+  13.0916 

+  13.0916 

+  13.1012 

+  13.1354 

Ae'e'^  cos  3(a)' — w) 

—  2.61019 

—  2.61019 

—  2.61856 

—  2.61856 

It  will  be  noticed  that  there  is  approximate  agreement 
generally  between  the  different  values.  The  largest  dis- 
crepancy occurs  in  the  case  of  the  coeflicient  of  ee'  cos(io' — u>), 
where  we  have  the  anomaly  of  the  values  from  the  third  and 


fourth  equations  agreeing,  while  those  from  the  first  and 
second  are  at  variance.  In  the  equations  determining  the 
elements  of  Saturn  we  have  the  two  coefficients  — 12". 482489, 
— 12". 482489,  exactly  identical,  while,- in  the  equations  for  the 
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slight  to  enable  us  to  trace  this  anomaly  to  its  origin.     After 

transformation  to  our  values  of  the  masses,  the  several  jjor- 
tions  given  for  the  composition  of  these  discrepant  numbers 
stand  as  follows  :  — 


elements  of  Jupiter,  the  analogous  coefficients  — 4". 66.5835, 
— 5". 224151,  differ.  How  to  explain  this  anomaly  without 
supposing  some  error  in  LeVeruier's  numbers,  I  cannot  im- 
agine.    The  details,  given  in  LeVerriek's  volumes,  are  too 

—  4". 830777 —  0".l  11542  +  0". 279158 —  0". 002674  =  —    4". 66.3835, 

—  4".830777  —  0".111542  —  0". 2791.58 —  0".002674  =  —    5". 224151, 

—  11".?25816  —  0".287959  —  0".26S714  =  —  12".482489, 

—  11".925816  —  0".287959  —  0".268714  =  —  12".482489. 


Four  parts  are  given  in  the  case  of  Jupiter,  while,  for 
Saturn,  there  are  only  three.  Perhaps  we  must  suppose  that 
liie  term  lacking  for  Sutiirn  is  too  insiguilicant  to  be  con- 
sidered. It  should  be  noticed  that,  in  the  ease  of  Saturn, 
the  three  portions  are  proportional  severally  to  m,  mm'  and 
m'-;  while,  for  ./(yjiVer,  the  four  parts  are  proportional  sev- 
erally to  ?»(.',  m'-,  mm'  and  mvi'.  It  will  be  perceived  that 
the   discrepancy   between   the   two   numbers   for  Jupiter  is 

WaMngton,  B.C.,  1889  October  3. 


owing  to  the  quantity  0". 279158  having  opposite  signs  in 
the  two  equations.  It  does  not  appear  easy  to  imagine  rea- 
sons why  two  quantities,  which  are  identical  in  the  case  of 
Saturn,  should  have  opposite  signs  in  the  case  of  Jujnter. 
The  supposition  that  LeVerkiek  attributed  the  wrong  sign 
to  one  or  the  other  of  these  numbers  does  not  seem  to  set 
matters  right.  The  consideration  of  this  enigma  is  com- 
mended to  those  interested  in  celestial  mechanics. 


OBSERVATIONS   OF   COMETS 

made  wrrii  tiii;  1.5-ixcn  Kij'jATOitiAi,  of  the  harvard  college  ohservatorv, 

Bv  O.  C.   WENDELL,  Asslstaxt. 

[CommiHiitatecl  by  Prof.  Edward  C.  Pickering,  Director.] 


Greenwich  M.T. 


No. 
Comp. 


Ja 


j8 


•''s  apparent 


logpA 
for  a      I     for  6 


1887  Sept.  16  21   27     2 
Oct.    19  21   55  37 

21   21   45  33 
SO  22   10  17 

1888  .Jan.    II    22  48     9 

l.s  22   12  46 


1888     Oct. 


Nov. 


29  16     3 

30  15  56 

31  16  8 
1  16  9 
3il5  53 
7   15  .53 

12   15  52 

14    13  35 

13  52 

M      0 

C.    15 

12    14 


21 


45 


14 


17 
12  5,S 
I  I      5 


1«    13 
19   13 


45 


1889     Jan. 


22   15 

3    13  58 

19    13    14 

21    13  59 


Comet  1887  V  (Olbers). 


1 

5 

2 

5 

3 

0 

4 

1 

.5 

10 

6 

6 

-0  35.69 
-0  29.47 
-3  26.58 
-2  25.97 
-0  20.12 
-4     2.44 


—14  37.3 
+  0  3.2 
+  3  47.3 
-I-  4  22.8 
—  9  19.5 
+  17     3.1 


10   16  43.35 

12  .55  32.80 

13  4  14.74 
13  41  29.28 
17  1  14.77 
17   12  47.31 


-1-29  56  31.6 

-1-22  22   12.0 

+  21  39  52.5 

+  18  19  39.3 

—  2  16  15.6 

—  3  20  12.1 


38 

7 

5 

43 

8 

5 

32 

9 

5 

47 

10 

7 

16 

11 

5 

26 

12 

5 

36 

13 

.1 

13 

14 

7 

22 

'• 

5 

41 

15 

5 

28 

16 

5 

6 

17 

6 

59 

18 

5 

19 

" 

5 

20 

19 

5 

41 

20 

5 

3 

21 

5 

59 

22 

4 

31 

23 

3 

40 

24 

5 

Comet  1889  / 
+  1  3.17 
—0  40.43 
—0  16.21 
+0  35.31 
+  0  41.83 
+  0  55.40 
+  2  3.25 
+  1  0.71 
+  0  55.98 
+  1  16.43 
—3  24.93 
—1  47.17 
—1  53.48 
—2  4.70 
+  0  49.42 
+  1  22."48 
—1  8.26 
—3  32.34 
+  1  50.43 
+  0  51.17 


(Barnard, 

—  7  26. 

—  1  37. 

—  5  41. 

—  1  32. 
+  3  30. 
+  1  43. 

—  4  9. 
+  0  39. 
+  0  24. 
+  1  53. 
+  3  40, 

—  3  0. 
+  6  45. 
+  6  37, 

—  6  11 
-f-  9  14, 
+  1  58, 

—  5  2 

—  0  52 
+  7  50 


1888  Sept 
9  5  35 
5  31 
5  27 


5  13 
4  52 
4  22 
4  12 
4  12 
8  22 
1  45 
1  16 
1  8 
1  8 
(I  53 
0  50 
0  40 
0  13 
23  50 
23  52 


2). 
22.39 
19.66 

1.62 
37.61 
40.46 
35.27 
50.36 

5.74 

1.01 
26.62 
49.95 
57.85 
47.63 
36.41 
43.53 
27.69 
49.XI 
47.14 
28.01 
16.78 


29  50.0 
13  48.5 
58  43.5 
40  23.5 

0  48.4 
50  41.2 
49  58.9 
24  22.1 
24  37.8 
49  34.1 

4  39.2 
32  50.7 
37  <10.6 


—  6 


37  38.0 

41  24.6 

41  26.1 

39  6.7 

9  .54.7 

20  19.3 

56  44.0 


9.702  '  0.699 

9.675  i  0.732 

9.672  0. 742 

9.662  I  0.736 

9.548  :  0.785 

9.569  I  0.788 


H9.556 

M9.554 

H9.523 

H9.508 

H9.504 

n9.431 

1)9.291 

n9.558 

ii9.534 

1.9.340 

9.402 

9.286 

8.906 

1.9.302 

n9.360 

9.199 

n9.608 

9.576 

9.615 

9.639 


0.756 
0.758 
0.763 
0.758 
0.762 
0.768 
0.780 
0.780 
0.780 
0.800 
0.817 
0.823 
0..S29 
0.823 
0.822 
0.826 
0.794 
0.801 
0.790 
0.7M1 
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Greenwich  M.T. 

* 

No. 

#-* 

^'s  apparent 

log  pA 

Com  p. 

Ja          1        JS 

a          1            S 

for  a      1     for  i) 

Comet  1888  V   (Barnaud,  Oc 

.  30). 

1888     Nov.     1   20  .53  56 

25 

5 

+  1   15.65 

—11   10.8 

9  46   11.12 

—15     1   54.1 

W9.487 

0.845 

1889     Jan.  25   16     8  50 

26 

5 

—0  47.33 

—  4  20.7 

10     9  49.70 

+  16  30  37.4 

7(9.427 

0.622 

29  15  54  .50 

27 

5 

+  1  33.26 

—  9  39.8 

10     5  34.91 

+  18  34  50.8 

«9.414 

0.593 

30   15  46  27 

28 

5 

—1   47.01 

+   2  43.6 

10     4  31.86 

+  19   15  45.5 

«9.424 

0.584 

Fcl).      1    15  59     6 

29 

4 

+  3  15.31 

—  6  41.1 

10     2  17.58 

+  20  20  23.0 

719.360 

0.556 

2,s  14  10  51 

30 

5 

—1   20.12 

—11  33.8 

9  33  41.73 

+  31   35  16.4 

7i9.297 

0.279 

Mar.     1    12  53  26 

31 

5 

+  2  15.09 

+   6  51.6 

9  32  54.82 

+  31   51   30.9 

7(9.529 

0.387 

7  13  45  55 

32 

7 

+  0  53.36 

—  6   13.7 

9  28  21.22 

+  .33  24   18.4 

7t9.277 

0.199 

Mean  Places  of  Comparison- Stars  for  heglnnbiy  of  the   Year  of  Ohscrratlon. 


* 

a 

Red.  to 
app.  place 

s 

Ked.  to 
app.  place. 

Authority 

1 

b 

10 

17' 

18.18 

+  0'.86 

+30°ll'l6''2 

—  7.3 

Weisse's  Bessel  X,  303 

2 

12 

56 

2.21 

+  0.06 

+  22  22  12.7 

—  3.9 

Bonner  Beobb.  VI.  22°2536 

3 

13 

7 

41.24 

+  0.08 

+  21  36     8.7 

—  3.5 

Weisse's  Bessel  XIII,  97 

4 

13 

43 

55.11 

+  0.14 

+  18   15  19.0 

—  2.5 

"       XIII,  897 

5 

17 

1 

36.67 

—1.78 

—  2     7     0.9 

+  4.8 

Sehjellerup  6098,9 

6 

17 

16 

51.42 

—1.67 

—  3  37  18.9 

+  3.7 

6201,2 

7 

5 

34 

16.73 

+  2.49 

+   3  37   14.1 

+   2.8 

Weisse's  Bessel  V,  823 

8 

5 

31 

57.58 

+  2.51 

+   3  15  22.8 

+   3.2 

"       V,  749 

9 

5 

27 

15.30 

+  2.53 

+24  21.6 

+   3.6 

"       V,  625 

10 

5 

21 

59.72 

+'2.58 

+   2  41  52.3 

+   3.6 

Bonner  Beobb.  VI,  2°968 

11 

5 

12 

55.98 

+  2.65 

+    1  57  14.0 

+  3.8 

7  comp's  with  B.B.  VI,  +1°967 

12 

4 

51 

37.08 

+  2.79 

+   0  48  52.6 

+   4.8 

Weisse's  Bessel  IV,  1092 

13 

4 

20 

44.20 

+  2.91 

—  0  45  55.9 

+   6.1 

■'       IV,  395 

14 

4 

11 

2.10 

+  2.93 

—  1   25     8.2 

+   6.4 

"       IV,  143 

15 

3 

21 

7.23 

+  2.96 

—  3  51  35.1 

+    7.7 

"       III,  340 

16 

1 

49 

12.20 

+  2.68 

—  7     8  28.9 

+   9.0 

"       I,  851 

17 

1 

18 

42.55 

+  2.47 

—  7  29  59.4 

+   9.4 

"       I.  271 

18 

1 

10 

38.71 

+  2.40 

—  7  44  24.9 

+   9.1 

"       I.  124 

19 

0 

52 

51.82 

+  2.29 

—  7  35  22.9 

+   9.3 

10  comp's  with  W.B.     0,  948 

20 

0 

49 

2.96 

+  2.25 

—  7  50  49.7 

+   9.3 

Weisse's  Bessel  0,  822 

21 

0 

41 

55.86 

+  2.21 

—  7  41   15.0 

+   9.4 

7  comp's  with  Lamont  51 

22 

0 

17 

20.61 

—1.13 

—  7     4  42.1 

—10.6 

Schiellerup  122 

23 

23 

48 

39.05 

—1.47 

—  6  19   16.4 

—  10.7 

AVeisse's  Bessel        XXIII,  958 

24 

23 

51 

27.09 

—1.48 

—  6     4  23.7 

—10.8 

XXIir,  1016 

25 

9 

44 

54.31 

+  1.16 

—14  50  43.9 

+   0.6 

"      (1)  IX,  947 

26 

10 

10 

36.63 

+  0.40 

+  16  35     2.9 

—  4.8 

"      (2)  X,  177,8 

27 

10 

4 

1.13 

+  0.52 

+  18  44  36.0 

—  5.4 

"             X,  15,6 

28 

10 

6 

18.33 

+  0.54 

+  19   13     7.4 

—  5.5 

X,  79,80 

29 

9 

59 

1.69 

+  0.58 

+  20  27     9.6 

—  5.5 

IX.  1209 

30 

9 

35 

1.00 

+  0.85 

+  31  46  53.2 

—  3.0 

IX,  6£^ 

31 

9 

30 

38.89 

+  0.84 

+  31  44  42.1 

—  2.8 

IX,  602 

32 

9 

27 

27.06 

+  0.80 

+  33  30  33.7 

—  1.6 

IX,  534 

NOTE   OX   THE  YAKIABLE   Y  CYGl^I, 

By  S.  C.  CHANDLER. 


The  existence  of  the  extraordinary  irregularities  in  the 
period  of  this  star,  which  were  signalized  about  a  year  ago 
{A.  J.,  VIII,  130),  has  been  abundantly  verified  by  my  re- 
cent observations ;  which  also  develop  the  interesting  fact 


that  the  period,  which  increased  by  nearly  two  minutes  dur- 
ing 1887  and  1888,  has  since  that  time,  on  the  contrary,  de- 
creased at  a  similar  surprising  rate.  As  nearly  as  can  be 
estimated,  the  reversal  occurred  toward  the  middle  of  1888, 
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the  iiKi.ximuin  viilue  being  about  T'  ll""  58"". 5.  The  average 
value  during  the  last  twelve  months  has  been  about  1''  ll*" 
56"'.7. 

The  confirmation  of  these  unexampled  changes  gives  the 
star  a  singular  interest,  and  ought  to  lead  to  its  being  dili- 
gently followed.  Since  the  inequality  is  apparently  a  peri- 
odical one,  covering  only  a  few  hundred  periods  of  the  star, 
its  character  can  be  more  advantageously  determined  by  ob- 
servers in  northern  Europe  than  it  can  be  here,  as  the  star 
can  be  observed  there  during  a  much  larger  portion  of  the 
year. 

I  subjoin  an  ephemeris  based  on  the  provisional  elements 
1889  Oct.  3"  14^-)0■".0(Gr.  M.T.) +  1"  11^06™.7(E— 687) 
The  epoch  here  given  is  a  normal  from  the  three  most  re- 
cently observed  minima,  namely  : 


/; 

G6I 
G;)5 
697 


Observed  Miniininii 
Caiub.  M.T. 

1889  Aug.  LT)'  ll\-33" 
Oct.    15     9  38 
18     9   19 


Wt. 

2 
3 
3 


Heil.  lo 
O 

+  5''3 

-1-2.9 

•+2.7 


last  twelve  months.  This,  while  undoubtedly  nearly  a  min- 
ute below  the  actual  mean  period,  serves  the  purpose  of  this 
ephemeris  better  than  the  larger  value  would  do ;  although 
after  a  few  months  it  will  run  more  widely  astray.  Only 
alternate  minima  are  given,  the  others  incurring  in  full  day- 
light for  the  present. 


The  value  assumed  for  the  period  is  the  average  for  the 


E 

703 
705 
707 
709 
711 
713 
715 
717 
719 
721 
723 
725 
727 
729 
731 
733 


Minima  of  FCvgsi,  (;ukkn«i<ii  M.T. 


Oct.  27 


Nov. 


Dec. 


18 

■ 

89 

A- 

27 

13 

57.2 

735 

30 

13 

50.6 

737 

2 

13 

44.0 

739 

5 

13 

37.4 

741 

8 

13 

30.8 

743 

11 

13 

24.2 

745 

14 

13 

17.6 

17 

13 

11.0 

747 

20 

13 

4.4 

749 

23 

12 

57.8 

751 

26 

12 

51.2 

753 

29 

12 

44.6 

755 

2 

12 

38.0 

10) 

5 

12 

31.4 

759 

8 

12 

24.8 

761 

11 

12 

18.2 

Dec. 


.Ian. 


1889 

d      fa 
14   12 

11.6 

17   12 

5.U 

20  11 

58.4 

23   11 

51.8 

26  11 

45.2 

29   11 

38.6 

IS90 

1     11 

32.0 

4    11 

25.4 

7   11 

18. « 

10   11 

12.2 

13    11 

5.6 

16   10 

59.0 

19   10 

52.4 

22  10 

45.8 

OBSERVATIONS   OF   CO^IETS 

madk  .\t  thk  r.s.  xaval  observatoky  with  tiik  it.c-ixcii  equ.vtoi'.iai,, 

By  Prof.  E.  FRISBY. 

[Communicated  by  the  Superintendent.] 


Mean  Places  for  18S9.0  of  Comparison- Stars. 


1889  Washington  M.T. 

* 

No. 
Com  p. 

Ja         1        z/S 

ft'^'s  apparent 
a                        S 

log 

for  a 

for  >> 

Comet  e  1889. 

Aug.  19    8  58  42.5 

1 

15  ,  3 

—2  22.21 

+   0  24.1 

15  45 

43.82 

+  18  54  40.6  1  n9.549 

0.568 

19    8  58  42.5 

2 

15  ,  3 

—4  59.58 

—  2  15.9 

15  45 

43.19 

+  18  54  39.0  1  ;.9.549 

0.568 

Sept.  21    9  57  20.7 

3 

15  ,  3 

+3   19.99 

—11  59.4 

16  59 

23.11 

+30  53  36.6      9.716 

0.590 

27    9  40  15.7 

4 

15  ,  3 

—3  56.93 

+  4     4.3 

17  10 

34.83 

+  31   50  11.8      9.667 

0.571 

28    9  25  25.3 

4 

10  ,  2 

—2     5.03 

+  12  45.4 

17   12 

26.72 

+31  58  53.0      9.710 

0.546 

Comet  d  1889. 

i 

Sept.  21   11  37     G.9 

5 

20  ,  4 

—  1   56.40        +  8  12.9 

23  53 

25.01 

—  5  24     9.1 

H8.426 

0.789 

27  10  17  57.4 

6 

20  ,  4 

+0     7.90       +  4  58.7 

23  49 

35.81 

—  5  11   55.1 

(.9.103 

0.786 

2M  10    8  24.3 

C 

20  ,  4 

—0  28.21        +   7  31.2 

23  48 

59.70 

—  59  22.6 

«9.132 

0.786  ' 

Oct.    18    9  31    3.2 

( 

20  .  4 

+  2  47.29        +    1    13.9 

23  40 

43.38 

—  3  54   10.4 

.i8.572 

0.777  ! 

* 

a 

Red.  to 
app.  place 

8 

\{v<\.  lo 
app.  place 

-  Authority 

1 
2 
3 

4 

5 
6 

7 

15  48     5.15 
15  50  41.88 
IG  56     2.63 

17  14  29.89 

23  55  18.96 
23  49  25.47 
23  87  58.68 

+  o'.88 
+  0.89 
+0.49 
f  +1.87) 
\  +1.86  \ 
+  2.45 
+  2.44 
+  2.41 

+  18  54     8.1 
+  18  56  46.5 
+  31     5  23.2 

+  31   45  54.3 

—  5  .32  37.7 

—  5   17     9.4 

—  3  65  39.7 

+  8.4 
+  8.4 
+  12.8 
f  +13.2  ) 
\  +13.3  1 
+  15.7 
+  15.6 
+  15.4 

Weisse's  Bcssel  XV.  1163 
Weisse's  Hessol  X\'.  1203 
J(Yaruall  +  2  Grant) 

Weisse's  IWssel  XVH.  367 

Yarnall  10604 

Weisse's  Rcssel  XXIII,  973 

Schjcllerup  9800 
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ELEMENTS  OF   COMET  1888   III, 

Uv  H.  V.  GX'MMEHE. 
[Comiiiuiiicatcd  by  Prof.  F.   I'.  Lk.vvknw<iiitii.] 

Tlu'  oloincnts  jjivi'ii  liolow  were?  computed  by  Mr.  H.  V. 
GuMMKUi:,  from  normal  places  obtained  from  tliiity,  tiiirty- 
eight,  and  eighteen  observations,  respectively.  Perturba- 
tions by  the  planets  were  not  considered.     All  otlier  correc- 


tions were  applied. 


iS'oKMAI,    Pl.ACKS. 


1888  Ang.  10.0 
Sept.  ;"i.O 
Oct.       1.0 

Haverford  College.,  Fa. 


10  2(i  14.40 
i;i  i'lG  l!l.80 
15  32   -'0.87 


+  44  50  38.2 
+  34  0  57.9 
+  14   27  30.9 


Elements. 

T  =  1888  July  31.135067  dr.  M.T. 
03  =     59°  12'     3".  78") 
9,  =  101     29    45  .80  ^- 1888.0 
i  =     74    11    42  .20) 
logr/  =:  9.9553124 

Middle  place,  (0— C)  : 
A'k  cos  (3  =  — 0".07,     Jp'  =  — 0".85. 


ELEMENTS  AND  EPHEMERIS  OF   COMET  b  1889, 


By  w.  w.  Campbell. 


From  a  normal  place  for  April  25  (see  Asir.  Journ.  197) 
and  Ann  Arbor  observations  of  July  25  and  October  23,  I 
have  computed  new  elements  and  continued  the  ephemeris  of 
this  comet. 

Elements. 

T  =  1889  June  10".8250  Gr.  M.T. 
0)  =  236°     6'     2".9  )  T.  ,.   ..         ,  ,, 
S  =310    42      9.4f^.^l'l>t'°'^";'^^q'^;V' 
i  =  163     50    30  .8  \    ^^'1"'"°^   '*^*'9-" 
log  q  =  0.353318 

Residuals  (O— C),     cos  p"j;.'  =  — 0".8,  Jp"  =  +0".4 

P^QUATouiAL  Coordinates. 

X—  [9.990114]  rsiu  [i'+    14  15  12.2] 

7/ =  [9.989645]  r  sin  [i'  + 101  31     9.8] 

z  =  [9.479705]  r  sin  [t'+ 147  14  21.9] 


Ephemeris  for 


Greenwich  Mean  Time. 

S  log  r  log  A 


Nov. 


Dec. 


2.5 

1 

21 

13 

— 15 

58.2 

0.4441 

0.2821 

4.5 

1 

14 

37 

16 

16.1 

0.4460 

0.2895 

6.5 

1 

8 

16 

16 

31.7 

0.4480 

0.2974 

8.5 

1 

2 

12 

16 

45.0 

0.4500 

0.3056 

10.5 

0 

5i; 

24 

16 

56.2 

0.4520 

0.3140 

12.5 

0 

50 

53 

17 

5.4 

0.4540 

0.3227 

14.5 

0 

45 

39 

1  7 

12.7 

0.4560 

0.3315 

16.5 

0 

40 

41 

1 7 

18.3 

0.4580 

0.3405 

18.5 

0 

36 

1 

1 7 

22.4 

0.4600 

0.3495 

20.5 

0 

31 

36 

1 7 

25.0 

0.4621 

0.3586 

22.5 

0 

27 

28 

1 7 

26.3 

0.4641 

0.3678 

24.5 

0 

23 

35 

17 

26.4 

0.4661 

0.3770 

26.5 

0 

19 

56 

17 

25.4 

0.4681 

0.3862 

28.5 

0 

16 

32 

1 7 

23.4 

0.4701 

0.3953 

30.5 

0 

13 

22 

1 7 

20.5 

0.4722 

0.4043 

2.5 

0 

10 

25 

17 

16. S 

0.4742 

0.4132 

ON  A   NEW  VARIABLE   STAR   IN  HYDRA, 

a  ~  131'  4in)  59._     (i  _  _270  44/5     (1K75.O) 
By  EDWIN  F.  SAWYER. 


1.32 


1.21 


1.10 


0.99 


0.90 


0.81 


0.73 


0.66 


In  a  sequence  observed  on  1884  May  17,  the  star  358 
{UA.)  Hydrae  (the  magnitude  of  which  is  given  as  7.0  from 
the  observations  at  Cordoba)  apparently  occurs,  and  was 
noted  as  faint  and  equal  7". 3.  Its  position  was  also  found 
to  be  not  in  accord  with  the  Cordoba  position  on  the  chart. 
Observations  at  various  times  dui'ing  the  years  1885  and  1886 
invariably  found  the  star  faint,  and  about  7'". 4  or  7". 5.  In 
mentioning  the  matter  to  Dr.  Gould,  he  suggested  that  per- 
haps the  wrong  star  had  TJeen  observed.  A  chart  of  the 
stars  in  the  vicinity  of  the  suspected  variable  was  made  from 
the  Cordoba  General  Catalogue,  and  it  was  at  once  seen  that 
the  star  numbered  18,788  of  the  General  Catalogue,  of  7". 4 
(which  lies  very  close  to  the  position  of  the  star  358  ( U.A.) 
Hydrae)  had  invariably  been  observed,  and  that  the  star  358 


had  not  once  been  seen.  The  discordance  in  the  position 
noted  above  was  also  explained. 

The  star  was  looked  for  on  1888  March  17,  and  estimated 
as  8".0.  Observations  on  April  4  and  6  apparently  showed 
a  slight  decrease,  but  not  certain  enough  to  warrant  an  an- 
nouncement of  discovery,  a  course  of  proceeding  unfortu- 
nately too  often  practised  by  some  observers. 

On  the  morning  of  March  7  of  the  present  year,  the  star 
was  again  looked  for,  and  all  doubts  as  to  its  variability 
were  at  once  removed,  the  star  appearing  bright,  7". 2,  and 
evidently  near  maximum.  It  was  observed  until  May  28, 
on  which  date  it  had  faded  more  than  a  unit  of  magnitude. 

I  find  the  following  data  iu  reference  to  the  new  variable  : 
It  was  observed  by  Argelander,  1851  May  20,  as  8".    (Zone 
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.'583,  No.  54.)  It  was  also  observed  twice  in  Washington 
zones,  as  follows  :  1846  June  3  as  7". 8,  with  Meridian  circle  ; 
and  1847  ]May  29  as  7",  with  the  Mural  circle.  It  was  ob- 
served ill  Gould's  zones  187.')  Mav  24,  as  7",  and  also  ob- 


served four  times  in  1875  for  hia  General  Catalogue,  being 
estimated  as  GJ"  and  7".  on  June  28  and  29,  respectively. 
An  inspection  of  the  meagre  data  indicates  that  the  period 
may  prove  to  be  about  one  year.     The  star  is  quite  red. 


ELEME:N^TS   and  EPHEMERIS   of   comet  oL  1889, 

Hv  S.  r.  CHAXDLEK. 


Gr.M 

T.  188;) 

APP-« 

A  pp.  d  • 

log  r 

loK  A 

Hr. 

Nov. 

1.0 

23"4l"'l7' 

— 2 

28.2 

0.29.30 

0.0543 

1.80 

2.5 

41   33 

21.2 

3.5 

41    ol 

13.9 

4.5 

42   12 

6.6 

5.5 

42  33 

59.1 

0.2940 

0.0671 

1.69 

6.5 

42  57 

51.5 

7.5 

43  23 

43.8 

8.5 

43  50 

36.0 

9.5 

44  19 

28.0 

0.2952 

0.0804 

1.59 

10.5 

44  49 

20.0 

11.5 

45  22 

11.8 

12.5 

45  55 

3.6 

13.0 

46  31 

0 

55.2 

0.2965 

0.0939 

1.48 

14.0 

47     8 

0 

46.8 

15.0 

47  47 

0 

38.2 

16.5 

48  28 

0 

29.6 

17.5 

49   10 

0 

20.8 

0.2978 

0.1077 

1.38 

18.5 

49  53 

0 

12.0 

Nov. 

19.5 

50  38 

— 0 

3.0 

The  above  ephemeris  is  computed  from  the  elements 
T  =  1889  October  2.1112  Gr.  M.T. 
m  =  344°  29'  20". 6) 
J2  =     17     52    19  .0  '  1889.0 
i  z=       6       5      6  .9  ) 
y  =     28       2    11  .6 
log  a  —  0.565011 
Period  =  7.039  vears 


The  first  ellipses  calculated  for  this  comet  placed  the  aphe- 
lion in  the  neighborhood  of  Jupiter's  orbit,  as  was  noted  by 
the  Rev.  G.  M.  Seakle  in  a  private  letter,  at  the  lime;  but 
were  of  course  too  inexact  to  give  any  idea  of  the  real  rela- 
tion of  the  two  paths  near  their  points  of  approach.  The 
present  orbit,  however,  permits  this  to  be  effectively  inquired 
into,  and  the  result  is  extremely  interesting. 

The  descending  node  of  the  comet's  orbit  upon  that  of 
Jupiter  lies  at  185°. 5  longitude,  Jupiter's  aphelion  at  191° 
and  the  comet's  aphelion  at  183°.  The  aphelion  distances 
are  5.4541  and  5.3992,  respectively,  the  mutual  iuelinatioD 
of  the  orbits  is  3°.0,  and  the  orbital  velocities  nearly  the 
same.  Consequently  when  both  bodies  happen  to  be  near 
this  region  they  remain  together  many  months.  A  remark- 
ably close  approach  occurred  1886  May  16.5,  when  they  were 
in  conjunction  at  heliocentric  longitude  185°  20'.8,  the  dif- 
ference of  heliocentric  latitude  being  but  1'.  1.  and  that  of 
the  radii  vectores  but  0.061.  Their  mutual  distance  was 
therefore  only  0.064  at  that  point,  and  for  more  than  a  hun- 
dred days,  from  the  last  of  March  to  the  middle  of  July,  it 
did  not  exceed  0.100.  'While  a  nicer  determination  of  the 
elements  will  be  necessary  to  settle  the  exact  conditions,  it 
is  probable  that  the  character  of  the  orbit  was  radically 
changed  during  the  a])pnlse. 


ELE^klEXTS  AM)   EPHEMERIS 

By  WILLIAM 
The  cplicmeris  published  in  Astr.  Journ.  201  appearing  to 
hold  good,  I  have  continued  it  to  December  5,  and  give  the 
elements  from  which  it  was  derived.  They  were  computed 
from  the  same  positions  as  those  first  given,  but  corrected  for 
aberration  and  parallax,  and  accord  very  closely  with  those 
afterwards  obtained  by  Prof.  Saffoku  from  three  other  po- 
sitions at  longer  intervals,  which  were  published  in  .istr. 
Journ.  202. 

r  =  1889  July  19.2977  Gr.  M.T. 
w  =  345°  53'  20") 
a   =  286       8    23    '  1889.0 
J  =     66      0   413 
logfy  =  0.016986 
(C— O),     j;.  cos/i  =   +45",     Jp'  =:  —2" 

Eyl'ATOUIAI,    COOUDINATES. 

.r  =  (-[9.68066]  sin  [u-(-  21°19'56] 
V  =  r  [9.96320]  siurf+ 239  27  10] 
z  =  r  [9.98833]  sin  [y-l- 322  28  52] 


OF   COMET  (i  188! »  ii>.iv/ns(,\). 


BELLVMY. 

El'HEMEKIS 

FOK    tiKKKNWKll    TlME. 

1889 

18""  14' 

*o 

logr 

log  A 

Oct.    30.5 

26 

-t-35°37' 

0.2843 

0.2885 

Nov.     1.5 

18 

29 

35  49 

0.2896 

0.2949 

3.5 

22 

33 

36     1 

0.2949 

0.3013 

.") .  5 

26 

38 

14 

0.3001 

0.S075 

7.5 

30 

45 

•>~ 

0.3053 

0.3137 

9.5 

34 

53 

39 

0.3104 

0.3197 

11.5 

39 

•> 

36  52 

0.3154 

0.3256 

13.5 

43 

13 

37     5 

0.3204 

0.3314 

15.5 

47 

25 

18 

0.3253 

0.3371 

1 7.5 

51 

39 

32 

0.3302 

0.3428 

19.5 

18  55 

53 

45 

0.3350 

0.3483 

21.5 

19     0 

9 

37  59 

0.3398 

0.3.537 

23.5 

4 

25 

38   13 

0.3445 

0.3.->91 

25.5 

8 

43 

27 

0.3491 

0.3641 

27.5 

13 

1 

41 

0  3537 

0.3697 

29.5 

17 

21 

38  56 

0.3583 

0.3748 

Dec.      1.5 

21 

41 

39    10 

0.3628 

0.3799 

3.5 

26 

.3 

25 

0.3672 

0.3.s.')0 

.1 . 5 

19  30 

25 

39   40 

0.3716 

0.3900 

0.10 


0.09 
0.08 


0.07 


0.06 


0.05 


0.04 
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EPHEMERIS   OF  VARIABLES   OF  THE   ALOOL-TYV^, 


Approximate  Orecuwicli  M.T.,  1889. 


Noveiiil)er 

N 

ovein  bel- 

I) 

jceniber 

^ 

ecem 

)er 

December 

Aljjol 

1      H 

Alj-ol 

li     h 
18  13 

S  Cancri 

l'  2o" 

Algol 

ll' 

n' 

/eCan.  Maj. 

2l'   12 

R  C:iii.  Mai 

1    1-2 

H  {'an.  Maj. 

18   13 

Librae 

1    23 

Y Cygni 

11 

12 

Tauri 

22   14 

R  Can.  Maj 

2  ir. 

R  Can.  Maj. 

I'J   IG 

yCygni 

2   12 

U  Coronao 

11 

17 

R  Can.  .Maj. 

22   15 

Y  Cygui 

•2   U 

1'  Cvgni 

20   13 

Tanri 

2   20 

R  Can.  Maj. 

12 

9 

Librae 

22  22 

S  Ciuici-i 

.•5    ;) 

Alg.,1 

21    10 

Algol 

2  21 

U  Cephei 

13 

11 

Algol 

22  23 

t/CeijIiei 

;5  i;i 

.S  Cancii 

22     '.1 

U  Cephei 

3    11 

R  Can.  Maj. 

13 

13 

U  Cephei 

23  10 

y Cygui 

5   14 

U  Cephei 

23    12 

R  Can.  Maj. 

4    10 

Algol 

14 

8 

FCvgni 

23   12 

U  Cephei 

8  13 

FCygni 

23   13 

U  Coronae 

4   19 

Y  Cygni 

14 

12 

R  Can.  Maj. 

23   18 

1"  Cygni 

8   13 

Algol 

24     (; 

I'Cvgni 

5   12 

R  Can.  Maj. 

14 

16 

R  Can.  Maj. 

24   21 

R  Can.  INIaj 

:•  11 

Taini 

24   22 

R  Can.  Maj. 

5   14 

Tauri 

14 

17 

U  Coronae 

25   12 

R  Can.  Maj 

10    14 

R  Can.  Maj. 

25     8 

Algol 

5   18 

R  Can.  Maj. 

15 

19 

Algol 

25   19 

FCygni 

11    13 

/.'  Can.  Maj. 

2(5   12 

R  Can.  Maj. 

6  17 

Librae 

15 

22 

Y Cygni 

26  11 

R  Can.  Maj 

11    17 

I'Cygni 

26   13 

Tanri 

6    19 

Algol 

17 

5 

Tauri 

20   13 

Algol 

12   19 

ye  Can.  Maj. 

27   1.5 

R  Can.  Maj. 

7  20 

Y  C'3'gui 

17 

12 

U  Cephei 

28   10 

S  Cancri 

1-2  21 

U  Coionae 

27  21 

U  Cephei 

8  11 

U  Cephei 

18 

10 

Algol 

28  16 

V  Ce|)hei 

13  13 

U  Cephei 

28   12 

F  Cvgni 

8  12 

U  Coronae 

18 

14 

r Cygui 

29  11 

rCygi.i 

14  13 

R  Can.  Maj. 

28  19 

Algol 

8   14 

Tauri 

18 

16 

Librae 

29  21 

Alool 

1.')   16 

Tanri 

28   21 

Lilirae 

.S   22 

R  Can.  Maj. 

20 

8 

S  Cancri 

30     7 

R  Can.  Maj 

17   U) 

r  Cvgni 

211    13 

Tauri 

10   18 

1'  Cygni 

20 

12 

Tauri 

30  12 

rCygiii 

17   13 

R  Can.  Maj. 

29   22 

S  Cancri 

11      8 

S  Cancri 

20 

20 

Algol 

31   13 

U  CepLei 

18   12 

OCCULTATION   OF   JUPITER,    1889   SEPTEMBER   3, 

By  EDWIN  F.  SAWYER. 

The  low  altitude  of  the  moon  at  the  time  of  oecultation, 
together  with  a  very  hazy  state  of  the  sky,  prevented  all  but 
the  last  contact  at  immersion  being  well  observed  ;  this 
phase,  however,  being  quite  accurately  noted.  My  4|  inch 
Clacey  Equatorial  of  44  inches  focal  length  was  employed, 
and  a  magnifying  power  of  70  used. 

The  time  was  taken  by  Messrs.  Albert  Stoker  and  Chas. 
W.  Meap,  the  former  using  chronometer  2703,  by  John 
Bliss  &  Co.,  of  New  York,  and  beating  half-seconds,  the 
latter  a  fine  pocket  timepiece,  which  had  been  compared  with 
the  chronometer  just  previous  to  the  oecultation  and  found 
to  be  28^8  fast.  From  these  the  following  Greenwich  M.T. 
was  obtained  : 

Brighton,  Mass.,   1889   October  5. 


Chronometer  2703, 
Hourly  rate  +0M2, 
Hence, 

Watch, 
Watch  fast. 

Hourly  rate  same  as  chronometer, 
Hence, 

Mean, 

The  approximate  position  of  observatory  is 


14  54 


14  54 
14  55 


14  54 
14"  54' 


32.7 

-  0.8 
31.9 

2.0 

-28.8 

-  0.8 
32.4 

■  32M5 


Longitude  4"  44™  34'.5       Latitude  42°  20'  43".5. 
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Ol^   THE   PERIOD   OF    U  COHOJ^A^, 

By  S.  C.  chandler. 


Of  the  series  of  investigations  upon  the  periods  of  the 
stars  of  the  .<4/f/o^type,  tliree  iuive  uh-eady  appeared,  to  wit, 
Algol,  U  Ophitichi  and  UCephei;  and  a  fourth  is  here  pre- 
sented, U  Coronae.  In  this  star,  also,  I  find  satisfactory 
proof  of  an  inequality  of  period,  of  the  same  order  as  those 
detected  in  U Ojtiiiwhi  a.iv\  UCephei.  The  period  is  siiort- 
ening  by  0\00."{()  from  Tniiiimuin  to  miniinuni  :  the  adopted 
elements  beini; 

1870  March  -'.V  10''  38'". 5   (Greenwicli  M.T.) 

+  S-*   10''  .'d'"  12". 4  £  — O'.OOIS  E- 

These  results  dcpcml  upon  foity-five  minima,  very  unc(iually 
distributed.  Two  of  tlicm  are  inferred  from  isolated  obser- 
vations at  Bonn  and  rull<owa,  in  18,)6,  1862  and  18(!3.  Of 
the  regularly  observed  minima,  tiiirty-eigiit  lie  in  the  interval 
1 870-1 M74,  while  the  remaining  five  are  scattered  over  the 
past  fifteen  j'ears.  The  star  inis  been  deplorably  neglected. 
Several  other  minima  have,  indeed,  been  determined  at 
.Strassburg,  by  Winniccke  and  Haktwig,  since  1877,  but  the 
results  have  not  yet  been  published,  so  far  as  I  know. 

Previous  to  tiie  discovery  of  its  variability,  the  star  was 
noted  on  various  occasions,  as  follows: 

1828  May  20''  11''  20"'  Konigs.  M.T.,  Uessel  estimated  it 
as  8",  iience  it  was  probably  near  its  niaxinnim  brightness. 
The  nearest  epoch  by  the  elements  al)ove  given  ( E  ;=  — 4427) 
falls  about  twelve  hours  later ;  the  observation  is  therefore 
of  no  service. 

185G  April  1''  13''  30'"  Honn  M.T.,  S<iioni-ki.i>  passed  over 
the  region  without  noting  the  star,  in  DM.  zone  '.»().")  {Griitiz- 
zoiie)  ;  and  Aikjki.anhkk  therefrom  concludes  that  it  was  not 
then  Ijright,  as  there  was  jilenty  of  time,  and  other  stars 
farther  from  the  limits  were  recorded.  As  a  minimum 
( —  1  17".l)  actually  fell  on  this  evening,  this  observation  may 
(uoperly  be  treated  as  roughly  denoting  its  time.  .Uoth 
WlNSKCKK  and  St-iioNi-Ki.n  have  so  used  it,  and  I  follow 
their  precedent. 

18(52  October  (V  8''.()  I'ulk.  M.T.,  Winnkc  kk  made  a  note 
that     the    star    was     faint,    wliilc    observing    its    neighbor. 


S  Coronae.  Also  on  1863  August  2''  12\.5  Pulk.  M.T.,  he 
made  comparisons  which  show  its  brightness  to  have  lieen 
below  7  of  his  light-scale.  Minima  fell  on  both  these  even- 
ings, — 790  on  the  first  and  — 703  on  the  second  :  we  can 
therefore  combine  the  data  to  assign  a  time  of  minifnum  for 
a  middle  epoch,  say  — 746,  1863  March  7.  Thus,  adding 
and  subtracting  appropriate  multiples  of  the  period,  assum- 
ing plausible  reductions  to  minimum  from  the  light-curve 
given  by  Winnkckk,  and  applying  light-equations,  we  have 
the  heliocentric  Pulkowa  time  of  minimum, 

from  1st  obs.,   1863  Mar.  7''  S"  30'"  —1"  30'"  =  4"    C" 
'•     2d     ••  1    43     -1-1    30    =3    16 

the  mean  of  which  referred  to  Greenwich  geocentric  M.T.  is 
the  value  entered  in  the  table  of  minima  below. 

The  other  minima  in  the  table  are  used  exactly  as  |>ub- 
lishcd,  as  we  do  not  yet  possess  the  means  of  reducing  them 
homogeneously.  In  the  case  of  Winnkckk  and  Sciionkklk, 
eight  minima  observed  in  common  give  a  difference 


S 


W  =   -1-8'". 2      ±4'".7, 


the  mean  being  taken  without  regard  to  weights.  There  is 
little  reason,  then,  to  fear  personal  constant  difference,  in 
the  case  of  these  observers,  much  exceeding  the  accidental 
errors. 

Column  I  of  (O— C)  gives  the  deviations  from  the  ele- 
ments of  SciioNKKi.u's  Catalogue,  which  will  represent  the 
observations  down  to  1873.  after  which  a  rapiilly  widening 
divergence  sets  in,  amounting  to  about  three  hours  at  the 
present  time.  In  column  II  arc  the  deviations  from  the  ele- 
ments of  my  catalogue.  The  ditTerencos  from  187t)  to  18Sl> 
are  here  all  of  moderate  amount,  but  have  a  decided  system- 
atic character,  which,  taken  in  w)nnectiou  with  the  large 
negative  values  for  1856  and  1863,  points  to  the  necessity 
of  a  quadratic  term. 

Condensing  the  tabic  into  six  normal  epochs  we  have  : 
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Table  of  Minima. 


Epoch 

Observed  Mitiiiiiuni 
Greenwich  M.T. 

Keel,  to 
O 

I 

(0-C) 
11 

III 

P 

Observer 

-1479 

1856  Apr.     1 

h        in 

13     1.7 

+  5'."2 



12.5 

— nd'.'g 

—  6".'5 

i 

DM.  Obs. 

-   746 

1863  Mar.    7 

1  33.0 

+  3.8 

+ 

16.0 

—69.1 

—  0.2 

i 

Winnecke 

0 

1870  Mar.  25 

10  56.2 

+  4.9 

+ 

33.0 

+  22.5 

+  17.0 

1 

Scbonfeld 

0 

25 

10  26.4 

+4.9 

+ 

3.2 

—  7.3 

—  2.3 

2 

Winuecke 

+      18 

Mav  26 

13  33.2 

+  4.8 

— 

12.5 

—21.2 

—17.3 

1 

Sclionfeld 

20 

June    2 

11   34.4 

+  4.4 

+ 

5.8 

—  2.7 

+    1.0 

2 

Wiuneeke 

20 

2 

11  39.2 

+  4.4 

+ 

10.6 

+   2.1 

+   5.8 

3 

Sehiiufeld 

1         22 

9 

9   16.4 

+  4.0 

+ 

4.9 

—  3.4 

+   0.2 

2 

Wiuneeke 

'         29 

July     3 

13     3.4 

+  2.1 

— 

8.7 

•^16.3 

—13.1 

1 

.' 

31 

10 

11     0.4 

+  1.4 

+ 

5.1 

—  2.3 

+   0.8 

3 

.1 

31 

10 

10  47.2 

+  1.4 

— 

8.1 

—15.5 

—12.5 

3 

Scbonfeld 

42 

AufT.  17 

10  23.9 

—2.1 

+ 

1.4 

—  4.9 

—  2.5 

3 

Wiuneoke 

53 

Sept.  24 

9  31.7 

—4.8 

— 

17.2 

—22.4 

—20.7 

1 

" 

55 

Oct.      1 

7  34.2 

—5.1 

+ 

2.6 

—  2.4 

—  0.8 

3 

Sclii'iufeUl 

66 

Nov.    8 

6  52.2 

—5.4 

— 

3.4 

—  7.3 

—  6.3 

i 

'• 

66 

8 

7     7.1 

—5.4 

+ 

11.5 

+   7.6 

+  8.6 

i 

Wiuneeke 

100 

1871   Mar.    5 

15  25.9 

+  3.7 

— 

22.9 

—23.4 

—24.4 

2 

>• 

102 

12 

13     5.3 

+4.2 

— 

25.5 

—25.8 

—26.9 

3 

" 

102 

12 

13  44.2 

+  4.2 

+ 

13.4 

+  13.1 

+  12.0 

3 

Solioiifeld 

106 

26 

8  54.4 

+  5.0 

— 

0.6 

—  0.5 

—  1.9 

2 

Wijkander 

106 

26 

8  53.3 

+  5.0 

— 

1.6 

—  1.5 

—  2.9 

2 

Duner 

106 

26 

8  58.0 

+  5.0 

+ 

3.1 

+   3.2 

+    1.8 

3 

Scbinidt 

115 

Apr.  26 

10  38.9 

+  5.6 

+ 

3.4 

+   4.4 

+   2.5 

3 

*. 

117 

Mav     3 

8  27.7 

+  5.6 

+ 

9.7 

+  10.9 

+  8.9 

3 

" 

117 

3 

8     6.2 

+  5.6 

— 

11.8 

—10.6 

-12.6 

1 

Scbonfeld 

117 

3 

7  57.0 

+  5.6 

— 

21.0 

—19.8 

—21.8 

i 

AVinuecke 

135 

Julv     4 

11   29.0 

+  2.0 

— 

15.0 

—12.0 

—15.6 

1 

" 

146 

Aug.  11 

10  59.0 

—1.5 

— 

12.2 

—  8.1 

—11.7 

2 

" 

146 

11 

10  52.2 

—1.5 

— 

19.0 

—14.9 

—18.5 

3 

Scbonfeld 

148 

18 

9   11.2 

—2.1 

+ 

16.9 

+  21.2 

+  17.5 

1 

'• 

148 

18 

8  53.2 

—2.1     • 

— 

1.1 

+   3.4 

—  0.3 

X 

Winnecke 

212 

1872  Mar.  26 

7  38.2 

+  5.0 

+ 

11.5 

+  22.2 

+  15.1 

2 

Scbonfeld 

221 

Apr.  26 

9   14.2 

+  5.6 

+ 

6.9 

+  18.5 

+  11.0 

3 

•' 

252 

Aug.  11 

9  52.2 

—1.6 

+ 

9.1 

+  23.8 

+  14.8 

3 

'• 

345 

1873  June  28 

10  65.2 

+  2.5 

— 

9.4 

+  14.4 

+    1.1 

3 

" 

414 

1874  Feb.  21 

15  43.2 

+  2.8 

— 

12.1 

+  18.8 

+   2.7 

2i 

" 

427 

Apr.    7 

12  42.2 

+  5.4 

— 

16.7 

+  15.5 

—  1.1 

3 

" 

431 

21 

8     2.2 

+  5.6 

— 

21.4 

+  11.2 

—  5.5 

1 

'• 

449 

June  22 

11  47.2 

+  3.0 

— 

6.2 

+  28.2 

+  10.8 

3 

'• 

460 

Julv  30 

11      9.2 

—0.4 

— 

11.3 

+  24.2 

+   6.5 

3 

" 

1088 

1880  Julv     6 

9  57.7 

+  1.8 

— 

101.4 

—  3.1 

-31.5 

3 

Sebmidt 

1099 

Aug.  13 

9  38.9 

—1.7 

— 

87.4 

+  12.0 

—16.3 

3 

" 

1942 

1888  Aug.    1 

13  58.5 

—0.7 

— 

84.9 

—  1.2 

—  6.1 

3 

Cbandler 

2026 

1889  May  18 

14     4.0 

+  4.5 

— 

158.6 

+  33.5 

+  33.4 

1 

Yeudell 

2035 

June  18 

15     3.8 

+  3.3 

—201.2 

—  8.2 

—  7.8 

2 

" 

Minima 

Mean 

(0-0) 

incUuIed 

Epoch 

I 

II 

III 

I 

—1479 

—  12.5 

—170.9 

—  6.5 

II 

—  746 

+   16.0 

—  69.1 

—  0.2 

III 

0-  148 

+      77 

—     1.4 

—     4.2 

—  3.9 

IV 

212-  460 

356 

—     4.7 

+   20.3 

+   6.6 

V 

1088-1099 

1093 

-^  94.4 

+     4.5 

—23.8 

VI 

1942-2035 

+  1987 

—186.0 

+     2.2 

+   0.1 

From  tbe  differences  we  find  tbe  values  of  tbe  period  for  va- 
rious epochs  in  the  "observed"  column  below.  In  tbe 
"computed"  column  are  tbe  values,  for  comparison,  of  the 
finally  adopted  period 

3d  iQh  5ira  12S4  —  0^0036  E 


Epoch 

Obser 

ved 

Computed      O — C 

I  -  II 

—1112 

3 

10  51 

16.93 

16.40      +0.53 

II  -III 

—  324 

13.33 

13.57     —0.24 

I II- IV 

+   217 

13.88 

11.58      +2.30 

IV-  V 

+   725 

7.31 

9.79     —2.48 

V    -VI 

4  1539 

8.46 

7.86     +0.60 

While  the  numerical  sequence  of  tbe  observed  periods  is  not 
entirely  regular,  it  sufficiently  justifies  tbe  assumption  of  a 
shorteuing  of  the  period. 

Column  III  of  (O — C)  gives  tbe  deviations  from  tbe  finally 
adopted  elements,  already  given  near  tbe  beginning  of  this 
paper.     The  residuals  are  quite  satisfactory,  and  a  more  re- 
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fined  least-square  solution  would  scarcely  lead  to  any  prac- 
tical improvement.  We  find  from  tliem  the  probable  error 
of  a  completely  satisfactory  observation  of  minimum  (j>^3) 
±  7'". 4  ;  and  of  one  of  average  goodness  (p^2)  ±  9'". 4. 
From  the  eight  minima  observed  in  common  by  Sciionfeld 

Cambridge,  1889  October  24. 


and  WiNKECKE,  the  probable  error  of  a  minimam  by  a  single 

observer  is  ±  Q™.!  (p  about  2),  almost  identical  with  the 
above  result.  So  far  as  this  goes  it  shows  that  the  adopted 
hypothesis  is  conformable  within  the  limits  of  tlie  pureU'  ac- 
cidental errors  of  the  observations. 


su:n^-spot  observations,  February  to  ^oat^mber,  i889. 

By  PAUL  S.  YENDELL. 


The  subjoined  ol)servations  are  in  continuation  of  the 
series  published  in  this  Journal,  Vol.  VllI,  pp.  117  and  100. 
The  conditions  of  observation  remain  unchanged. 


The  series  has  suffered  much  interruption  from  unfavor- 
able weather  during  the  summer  and  autumn. 


Date 

Time 

Gps. 

Sps. 

Date 

Time 

Gps. 

Sps. 

Date 

Time 

Gps. 

Sps. 

Date 

Time 

Gps. 

Sps. 

U89 

h   III 

1889 

h   III 

UJW 

h   ni 

i»e 

h    ID 

Feb.  3 

21  45 

0 

0 

Apr.  14 

20  45 

0 

0 

June  13 

20  25 

0 

0 

Aug.  20 

20  30 

0 

0 

5 

21  50 

0 

0 

15 

20  15 

0 

0 

17 

20  35 

4 

21 

20  35 

0 

0 

6 

20  45 

0 

0 

18 

20  30 

0 

0 

18 

20  45 

11 

25 

20  45 

0 

0 

10 

21  5 

0 

0 

19 

20  30 

0 

0 

19 

20  45 

r> 

26 

21  15 

12 

20  30 

0 

0 

22 

20  30 

0 

0 

20 

20  25 

1 

5 

27 

20  30 

13 

20  30 

•  0 

0 

23 

20  30 

0 

0 

23 

20  30 

4 

28 

22  15 

14 

20  45 

0 

0 

24 

20  45 

0 

0 

24 

20  30 

1 

15 

20  45 

0 

0 

26 

20  45 

0 

0 

26 

21  5 

1 

Sept.  1 

20  30 

18 

20  35 

0 

0 

28 

20  45 

0 

0 

27 

20  30 

0 

0 

9 

20  30 

19 

20  30 

0 

0 

29 

20  45 

0 

0 

28 

20  35 

0 

0 

3 

20  40 

20 

20  30 

0 

0 

30 

20  45 

0 

0 

4 

20  45 

22 

20  30 

0 

0 

July  4 

20  30 

0 

0 

5 

20  30 

25 

22  15 

0 

0 

Mav  1 

20  45 

0 

0 

5 

20  35 

0 

0 

15 

21  35 

0 

0 

28 

20  30 

0 

0 

3 

20  35 

0 

0 

8 

20  30 

0 

0 

19 

20  45 

0 

0 

5 

20  25 

1 

11 

20  30 

2 

2 

20 

20  45 

0 

0 

Mai-.  1 

20  15 

0 

0 

6 

20  55 

3 

12 

20  30 

1 

1 

22 

20  25 

0 

0 

6 

20  35 

0 

0 

7 

20  25 

4 

\i> 

20  30 

2 

10 

23 

20  45 

5 

8 

20  i:> 

0 

0 

8 

20  45 

4 

17 

20  30 

2 

8 

26 

20  45 

3 

10 

21  45 

0 

0 

9 

20  55 

5 

18 

20  30 

1 

7 

26 

21  15 

1 

4 

13 

21  15 

2 

5-1- 

12 

20  30 

0 

0 

21 

20  30 

1 

1 

27 

20  30 

3 

21 

20  45 

0 

0 

13 

21  0 

0 

0 

22 

20  30 

1 

1 

30 

20  45 

2 

22 

22  30 

0 

0 

15 

20  30 

0 

0 

23 

20  25 

1 

1 

24 

21  0 

0 

0 

16 

20  40 

0 

0 

24 

20  30 

0 

0 

Oct.   1 

20  45 

3 

25 

20  30 

0 

0 

17 

20  35 

0 

0 

25 

20  30 

1 

3 

2 

20  30 

1 

26 

20  30 

0 

0 

21 

20  35 

0 

0 

28 

20  35 

3 

9 

3 

20  45 

1 

28 

20  45 

0 

0 

22 

21  15 

0 

0 

30 

20  45 

I 

14 

7 

20  45 

0 

0 

29 

20  30 

0 

0 

23 

20  45 

0 

0 

8 

20  30 

0 

0 

24 

20  25 

0 

0 

Aug.  5 

20  30 

1 

19 

10 

20  30 

0 

0 

Apr.  2 

20  30 

0 

0 

26 

20  30 

0 

0 

(! 

20  30 

1 

22 

11 

20  35 

0 

0 

5 

22  15 

1 

1 

28 

20  45 

0 

0 

7 

20  25 

1 

11 

14 

20  45 

0 

0 

i       ' 

20  30 

1 

1 

9 

20  30 

3 

19 

15 

20  45 

0 

0 

!       '•» 

20  30 

0 

0 

June  5 

20  45 

0 

0 

11 

20  30 

2 

7 

16 

21  0 

0 

0 

10 

20  30 

0 

0 

6 

20  45 

0 

0 

15 

20  30 

2 

5 

17 

21  0 

0 

0 

11 

20  30 

0 

0 

10 

20  45 

0 

0 

It; 

,  20  80 

1 

1 

21 

.  20  30 

0 

0 

12 

22  15 

0 

0 

11 

20  45 

0 

0 

18 

!  20  30 

1 

1 

22 

20  45 

0 

0 

13 

21  45 

0 

0 

12 

20  30 

0 

0 

19 

'  20  45 

0 

•  0 

25 

1  21  30 

0 

0 

Feb.  3.  Seeing  pretty  bad.  —  Feh.  r>.  Thin  cUnul ,  hut  fair  seeing. 
—Feb.  6.  Seeing  poor.  —  Feb.  Iti.  Seeing  fair.  —  Kih.  12.  Swing 
poor. —  Feb.  l;l.  Seeing  fair.  —  Fel).  H.  ,\lr  ratliiT  trimnlous. — 
Feb.  111.  Seeing  good;  earcful  ol)servallon.  —  Feb.  T,\.  Seeing 
very  bad;  tlierni.  outside -|-7  .  — Feb.  2.'>.  Seeing  fair. —Feb.  2S 
and  Mar.  1.  Seeing  good.  —  Jlar.  (i.  Thin  cloud,  bnt  detlnltion 
sharp  and  steady. —Mar.  8.     Very  poor;   through  snow-cloud.— 


Mar.  Id.  liatber  tremulous. — Mar.  14.  Seeing  poor;  outlying 
small  spots  conld  not  \>e  counloii;  one  of  tlif  largo  om-s  prolwbly 
again  sulHlivldiii.  —  Mar.  •-'!.  Dellnitlon  sharp  and  cU-ar.  —  .\pril  2. 
Slightly  hazy,  bnt  very  good  dclinitlon. — .\pril  2"  and  2".t.  Hazy. 
—  April  30.  Seeing  very  l)ad.  —  May  5.  Seeing  (HTfi-ct:  large 
group  of  faonlne  accompanying  spot.  —  May  G.  Opening  in  heavy 
fog;  seeing  exceedingly  sharp  and  clear;   \argc  and  bright  group 
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of  faciilac  /  spot-group.  —  May  7.  Thin  fog ;  seeing  sharp ;  same 
group  of  faculac.  —  May  8.     Same  s^oup  of  spots;   disappearin;;- 

—  May '.I.     Same  group  ;  seeing  perfeet.  —  May  18.     Seeing  perfect. 

—  June  18.  Same  group  as  on  IT  ;  one  large  spot  followeil  by  clus- 
ter of  small  ones.  — June  24.  The  large  spot  llrst  .seen  17th  ;  umbra 
hasdivided  into  two;  small  spots  following  appear  to  have  closed  up. 

—  June  2(i.  Same  large  spot,  now  very  near  limb.  — .July  lii.  One 
large  spot. — .July  22.  Large  spot  surrounded  by  faeulae  to  such 
an  extent  as  to  mal^e  the  whole  neighborliood  appear  as  a  spot 
markedly  brigliter  than  the  limb  about  it.  —  July  2,'>.    Seeing  poor; 

Boston,  1889  October  31. 


thin  cloud  and  halo.  — July  28.  Flying  clouds  and  mist.  —July  30. 
Large  and  bright  group  of  faeulae  near  pr  limb.  —  Aug.  9.  Preced- 
ing grouj)  surrounded  by  wide  and  bright  faeulae.  —  Aug.  18.  Sur- 
rounded l)y  faeulae. — Aug".  2ii.  Large  spot  followed  l)y  bright 
faeulae;  near  /  limb.  —  Aug.  27.  Same  spot.  —  Sept.  23.  Close  to 
limb;  surrounded  witli  briglit  faeulae;  air  unsteady.  —  Sept.  26, 
20'' 4.')'".  Seeing  extremely  bad.  —  21'' 1')"'.  Seeing  .settled;  very 
fair.  —  Sept.  28.  Seeing  rather  poor;  fair  moments.  —  Oct.  3. 
Nearpc  limb;  accompanied  by  scattered  group  of  bright  faeulae. 


OBSERVATIONS   OF   COMET  e  1888  {1889  i), 

JIADK   AT   TIIK   HAVKKFOUD   COLLEGE   OBSERVATOUY, 

By  F.  P.  LEAVENWORTH. 


1889  Haverford  M.T. 

* 

No. 
Comp. 

Ja 

-* 

^8 

^'s  apparent                            'og  i'A 

a       h        m        » 

June     6  14  17  55 

1 

9 

— 1"'39.''72 

—18     3.9 

22  45   14.96 

+   2°39'42"6l  n9.546 

0.727 

27  12  50     4 

6 

+3  56.46 

—  8  40.6 

Julv     4   11  49  55 

2 

7 

—0  35.31 

+  10  42.2 

21  31   25.13 

+   0  56  49.1  1  J19.481 

0.746 

6  12  56  22 

3 

16  ,  5 

+  0  40.17 

+    1   56.5 

21   24  24.57 

+   0  41   28.1 

?i9.224 

0.747 

27  11  28  54 

7 

—1     2.10 

—  9  34.9 

Sept.  27     8  10  28 

4 

10  ,  3 

+  0  33.02 

—  2  15.4 

18  16  57.22 

—10  24  47.4 

9.425 

0.817 

28     7  88  11 

4 

20  ,  6 

+  0     8.64 

—  6     6.9 

18  16  32.84 

—10  28  38.9 

9.341 

0.723 

Mean  Places  for  1889.0 

of  Comparison- Stars. 

* 

a 

Red.  to 
app.  place 

8 

Red.  to 
app.  place 

Authority 

1 

2 
3 

4 

22  46  54.28 

21  31  58.86 

-  21  23  42.75 

18  16  22.96 

+  0^.40 
+  1.58 
+  1.65 
+  1.24 

+   2  57  47.0 
+   0  46     0.9 
+   0  39  25.3 
—10  22  40.9 

— o'o 
+  6.0 
+  6.3 

+  8.9 

Schjellenip  9372 
Lamont  8424 
Lamout  8325 
Lamont  2380 

The  observations  on  July  G,  September  27  and  28,  were  made 
with  a  filar  micrometer;  the  other  observations  were  made  with  a 
square-bar  micrometer.     On  September  27  and  28  the  comet  was 
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barely  visible.     I  am  indebted  to  S.  J.  Lecciixer  for  positions  of 
comparison-stars. 


ON    THE    ACTION    OF     JUPITER     IN    188G    UPON    COMET  d  1889,    AND    THE 
IDENTITY   OF   THE   LATTER   WITH  LEXELL'S   COMET   OF   1770, 

By  S.  C.  chandler. 


Since  the  puljlieation  of  the  note  in  No.  204  of  the  Journal, 
I  have  thought  it  might  be  instructive  to  examine,  as  well  as 
vhe  present  means  will  permit,  the  question  of  the  nature  of 
the  perturbations  suffered  by  this  comet  duriug  the  appulse 
to  which  attention  was  there  drawn.  The  event  has  fully 
justified  the  anticipation,  fol-  such  calculations  as  time  has 
permitted  me. to  make  seem  to  point  to  the  solution  of  the 
enigma  which  has  excited  higher  interest,  perhaps,  than  any 
problem  in  cometary  astronomy  during  the  last  hundred 
years  —  namely,  that  of  the  fate  of  Lexell's  comet,  which 
it  was  feared  had  been  lost  to  our  solar  system  by  the  dis- 


turbance of  Jiqntcr  m  1779.  While  I  naturally  hesitate  to 
publish  conclusions  so  singular  as  those  to  which  the  investi- 
gation has  led,  until  they  can  be  more  carefully  verified  and 
made  more  precise,  it  se^s,  on  the  other  hand,  best  to  com- 
municate them,  even  in  an  imperfect  shape,  that  observers 
maj'  be  incited  to  give  more  attention  to  this  object  —  which 
has  so  far  been  sadly  neglected  —  since  the  perfecting  of  its 
theory  will  demand  the  most  assiduous  observation  during 
the  brief  remaining  interval  of  its  visibility. 

Before  entering  upon  the  details  of  the  discussion,  a  sum- 
mary of  the  principal  conclusions  will  be  given. 
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First.  The  encounter  with  Jupiter  in  1886  effected  a  com- 
plete transformation  of  the  comet's  orbit.  Instead  of  the 
present  small  seven  years'  ellipse,  it  was  previously  moving 
in  a  large  one  of  twenty-seven  years  period,  whose  aphelion 
lay  outside  of  Saturn's  orbit,  and  whose  perihelion  was  al- 
most exactly  at  the  present  aphelion  distance.  The  direc- 
tions of  the  apsides  were  reversed,  and  their  line  turned 
through  about  twenty  degrees.  The  nodes  were  also  re- 
versed, and  the  line  of  nodes  turned  through  about  nineteen 
degrees.  The  plane  of  the  orbit  was  tilted  about  fourteen 
degrees,  and  the  perihelion  distance,  which  is  now  but  slightly 
greater  than  Mars's  aphelion,  was  then  almost  precisely  that 
of  Jupiter's  aphelion. 

Second.  Several  months  before  i-eaching  its  perihelion,  it 
passed,  near  the  beginning  of  1886,  into  the  sphere  of 
Jupite^-'s  attraction,  and  was  deflected  into  a  hyperbolic  path 
about  that  planet,  remaining  for  more  than  eight  months 
under  its  control ;  the  disturbing  action  of  the  sun  during 
most  of  that  interval  being  insignificant.  The  eccentricity 
of  this  hyperbola  was  but  slightly  in  excess  of  unity,  so  that 
the  comet  narrowly  escaped  being  drawn  into  a  closed  orbit, 
as  a  satellite  of  Jupiter. 

Third.  At  the  point  of  closest  approach  to  Jupiter,  1886 
May  20,  the  comet  was  distant  from  it  only  about  nine  diam- 
eters of  the  planet,  passing  a  little  outside  of  the  orbit  of 
the  third  satellite.  It  is  not  impossible  that  the  comet  may, 
at  some  time  during  its  passage  through  the  satellite-system, 
have  got  into  such  a  position  relative  to  them  or  the  planet, 
that  the  unetpial  attractions  on  different  portions  of  its  rela- 
tively extended  volume  may  have  been  adequate  to  produce 
disruiitiou,  and  bring  about  separations  of  its  mass  similar  to 
tho.se  actually  observed  during  its  present  apparition,  which 
may,  indeed,  prove  to  have  had  their  origin  on  this  occasion. 

Fourth.  Assuming  that  the  changes  in  the  orbit  caused 
by  Jrt})iter'.s  influence,  here  established,  are  in  the  main  cor- 
rect, and  that  the  portion  of  the  perturbations  which  has 
lieen  neglected  in  this  fh'st  approximation  to  tiie  solutiou  of 
the  problem,  are  not  sulllcient  to  affect  sensibly  the  mean 
motion,  no  previous  approach  to  anj'  planet  could  have  oc- 
curred, sulllcient  appreciably  to  disturb  it,  back  to  the  year 
I  "Til.  In  that  year,  however,  the  comet  must  have  come  so 
near  to  .Iiipiter  as  to  jtass  under  his  control,  and  experience  a 
radical  change  of  orbit  at  the  [loint  of  longitude  where 
Lk.xki.i.'s  comet  underwent  its  notable  disturbance  in  that 
year.  Moreover,  a  comparison  of  the  elements  of  I/Kxki.l's 
comet,  subse(iuent  to  that  distuibauce,  with  those  here  found 
for  the  present  comet  previous  to  1.S86,  shows  a  likeness  so 
striking,  and  entirely  within  the  range  of  the  uncertainty  of 
both,  that  the  only  reasonable  inference  to  be  drawn,  it 
seems  to  me,  is  the  identity  of  the  two  bodies.  The  only 
other  alternative  —  outside,  of  course,  of  the  rejection  of 
one  or  both  calculations,  for  uncertainty  or  incorrecliiess  — 
is  to  suppose  that  two  comets  met  Jnititcr  at  the  same  time 
and  place,  and  were  thrown  into  similar  orbits.  The  proba- 
l>ility  of  such  a  hypothesis  seems  h;\rdly  worth  cousidcriug. 


Fifth.  The  orbit  in  which  the  comet  is  now  moring  is 
such  that  no  serious  perturbation  can  occur  until  1921.  in 
the  spring  of  which  year,  however,  it  will  again  enter  the 
sphere  of  Jupiter's  activity  and  undergo  auother  violent 
transmutation.  Fortunately  at  each  of  the  returns,  in  1896, 
1903,  1910  and  1917,  the  conditions  of  visibility  will  be 
favorable,  so  that  astronomers  will  be  prepared  for  the 
event  of  1921  with  a  well  established  theory  of  its  motion. 

It  should  be  distinctly  understood  that  I  regard  the  par- 
ticular numerical  results  of  this  paper  merely  as  a  rude 
sketch,  in  the  nature  of  a  reconnoissance-survey  of  the 
problem.  The  method  pursued  takes  into  account  only  the 
principal  perturbations  by  ,/upiter,  that  is,  from  1886  .Ian. 
24  to  Sept.  14.  But  for  several  weeks  before  and  after 
these  limits — which  are  the  points  at  which  I  have  chosen 
to  transpose  Jupiter  and  the  sun,  as  central  force  and  dis- 
turbing force,  respectively  —  the  ratio  of  the  disturbing  to 
the  direct  action  is  by  no  means  inconsiderable,  whichever 
body  is  treated  as  the  central  one.  The  perturbations  during 
these  few  weeks,  here  neglected,  will  modify  materially,  but 
not  essentially,  the  elements  giveu.  From  considerations 
into  which  I  will  not  here  enter,  I  surmise  that  Jupiter,  in 
receding  from  the  comet  after  September  1886,  did  not  ma- 
terially displace  either  the  distance  (a  very  critical  element) 
or  the  longitude,  of  the  aphelion  point ;  also  that,  while  the 
node  may  have  been  shifted  a  few  degrees,  the  inclination 
remained  approximately  the  same.  Of  course  any  changes 
here,  or  iu  the  assumed  elements  determined  from  the  obser- 
vations after  the  disturbance,  are  seriously  magnilied  in  the 
path  relative  to  Jupiter,  and  reflected  in  the  elements  deduced 
before  the  appulse.  For  this  reason  it  was  desirable  to  start 
the  computation  with  as  good  an  orbit  as  the  available  obser- 
vations would  admit.  Kight  normals  were  therefore  formed, 
each  based  on  several  observed  places,  covering  the  interval 
from  July  8  to  Oct.  18;  and  in  this  connection  I  desire  to 
express  my  thanks  to  the  Director  and  Mr.  Wkxdeli..  of 
the  Harvard  College  tibservatory,  for  unpublished  positions. 

Instead  of  varying  the  extreme  distjinces,  I  took  their 
ratio  and  the  major  axis  of  the  orbit  as  the  unknown  quanti- 
ties to  be  satislied  by  the  intermediate  normals,  as  the  solu- 
tiou of  the  equations  so  formed  would  afford  a  measure  of 
the  probable  error  of  the  critical  element  of  the  aphelion 
distance.  When  the  conquitatiou  was  linishcd.  other  obser- 
vations had  come  to  hand  which  weakened  my  confidence  iu 
one  of  the  extreme  normals,  and  1  modilieil  the  plan  by  em- 
ploying for  the  subsequent  work  of  this  paper  the  following 
interpolated  elements. 

T  =  1889  Sept.  .SO.OIP.I  <;r.  .M.T. 

,T  =    r"  26'  l7^;n 

Ji  =  17     58    4.-.  .3  [  1890.0 
1=6       4    10  .0  ) 
e  =  0.470704 
,1  =  .S.  684  682 
V  =   1.9.50229 
Period  =  7.07.10  years. 
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Tliese  elements  will  answer  for  this  first  approximation  to 
the  perturhative  action  of  Jupiter.  For  this  purpose  I  ailojited 
the  simple  and  nuicpie  method  of  D'Alemukkt,  whose  in- 
genious device  for  avoiding  tiie  great  diHiculties  in  calcu- 
lating jjerturbations  during  a  close  approacii  of  a  planet  is 
given  in  tiie  fifth  memoir  of  the  last  volume  of  his  collected 
worjvs  (1773).  Tiie  nictliod  lias  been  a  little  furtlier  de- 
veloped In'  Lai'i.ack  in  the  M<ku)ii(/ue  ('('lesti\  but  I  liave 
only  partially  employed  tlie  formulas  of  tlic  latter,  keeping 
to  the  ecliptic,  instead  of  transferring  tin'  coordinates  to  the 
plane  and  major  axis  of  tiie  relative  orliit. 

We  thus  Iiave  tlie  following  hyperbolic  orbit  in  whicli  tlic 
comet  moved  about  Jupiler  between  1886  Jan.  24  and  Sei)t. 
14,  wliile  traversing  tlie  attraetion-spliere  of  the  planet. 
During  tliis  interval  tlie  action  of  the  sun,  as  a  disturbing 
body,  may  be  neglected  in  this  first  approximation. 


Time  of  passing  the  perijove 

Longitude  of  the  perijove. 

Longitude  of  the  ascending  node 

Inclination, 

Eccentricity, 

Semi-transverse  axis. 

Distance  of  perijove. 


1886  May  20.7473  G 

291°. 52. 6 

242  20.6 

37  5^.5 

1.05796 

—0.16929 

0.00981 


.  M.T. 


Tliese  elements  are  referred  to  tlie  mean  ecliptic  and 
equinox,  1890.0.  It  will  be  seen  that  the  nearest  distance 
of  the  comet  was  hut  ^^^  of  its  distance  from  the  sun.  A 
remarkable  feature  of  this  orbit  is  the  small  eccentricity. 
A  slight  diminution  of  the  initial  velocity  relatively  to 
Jupiter  would  have  thrown  the  comet  into  an  elliptic  orbit 
about  the  planet. 

From  the  coordinates  and  components  of  the  velocity  in 
this  hyperbola,  at  the  time  of  entering  the  sphere  of  Jupiter's 
attraction,  we  deduce  the  following  orbit,  which  approxi- 
mately defines  the  path  which  the  comet  pursued  about  the 
sun  previous  to  the  disturbance. 


T  =  1886  Nov.  28.779  Gr.  M.T. 
n  =  203°  3'.  7) 
Q,  =  179  13.4  M890.0 
i  =      7  43.8) 
e  =  0.3947 
rt  =  8.98P6 
q  =  .5.4411 
Period  :=  26.95  years. 

A  comparison  of  these  with  the  elements  subsequent  to 
disturbance  shows  the  radical-character  of  the  resultant 
changes. 

This  orbit  confiriued  a  suspicion  which  I  had  previously 
entertained,  of  the  identity  of  this  object  with  Lexell's 
comet  (1770  II).  To  examine  this  question  I  carried  the 
elements  back  to  1770.0,  as  shown  in  the  last  column  of  the 
following  table. 


Lrxbll's  comet,  after  1779 

Comet  d  1889 

Burckliardt 

LeVerrler 
,«  =  —0. 10  1  ;<  =  -f-0.3.5 

before  1886 

0       r 

o       r 

o         f 

o        t           1 

n 

301   19 

111     0 

258  40 

201    24        ! 

Q. 

183   15 

178     6 

175  27 

177  34 

I 

14  42     i     18  ou 

11   27 

7  43 

e 

0.478           0..535 

0.533 

0.395 

a 

6.388           9.000 

9.000 

8.990 

Tiie  values  assigned  for  Lexell's  comet  in  tliis  table  require 
explanation.  As  to  Bukckhakdt's,  1  cannot  find  them  in  any 
[lublication  of  his  ;  and  they  probably  never  saw  tlie  light 
except  in  the  incomplete  way  in  wiiicli  Laplace  lias  given 
them,  namely,  only  the  eccentricity  and  perihelion  and  mean 
distances,  omitting  the  three  angular  elements.  I  have, 
therefore,  found  it  necessary  to  recalculate  them,  although 
at  the  cost  of  some  little  trouble,  for  Lai'lace  also  neglects 
to  place  the  proper  signs  against  the  coordinates  and  their 
differentials. 

Under  the  heading  of  LeVekrieu  I  give  two  sets  of  ele- 
ments for  two  values  of  his  indeterminate  fi,  answering  to 
the  value  9.0  of  the  semi-axis  major  of  the  disturbed  orbit; 
the  unit  of  (i  corresponding  to  an  arbitrary  change  of  0.01  in 
the  semi-axis  major  of  the  orbit  which  the  comet  had  in 
1770;  the  zero  from  which  , a  is  reckoned  being  C'laisen's 
value  of  that  axis.  It  will  be  recollected  that  LeVerriek, 
in  his  discussion  of  the  orbit  of  this  comet,  encountered 
an  indeterniinateness  in  the  solution  of  his  equations ;  so 
that,  in  fact,  various  systems  of  elements  could  be  found 
which  would  equally  well  represent  the  observations.  The 
differences  were  small,  but  assumed  importance  in  con- 
sidering the  character  of  the  subsequent  action  of  Jupiter 
in  1779.  He  avoided  the  embarrassment  by  resigning  the 
attempt  to  assign  absolute  values  to  the  elements,  and 
expressed  them  in  terms  of  the  quantity  /i,  just  defined. 
The  elements  after  the  disturbance  were  also  determined 
as  functions  of  the  same  arbitrary  variable.  The  process 
of  recognizing  the  identity  of  another  comet  with  that  of 
Lexell  consists,  then,  in  ascertaining  whether  any  assump- 
tion of  the  value  of  //,  in  LeVekrier's  theory,  within 
certain  limits,  gives  elements  agreeing  substantially  with 
those  of  the  new  comet.  He  gives  a  table  which  is  a  resume 
of  his  whole  theory,  containing  the  values  of  the  elements 
for  various  equidistant  values  of  //,  as  an  argument.  The 
table  given  below  I  have  interpolated  from  this  for  certain 
mean  distances,  selected  as  hereafter  explained.  We  shall 
come  back  to  this  table  presently. 

The  heliocentric  longitudes  within  which  the  attraction  of 
the  sun  was  overborne  by  the  influence  of  Jupiter  are  nearly 
the  same  for  both  comets.     Thus  we  have, 


Lexell's  comet 

1767  Jan.  18-Mav    9 

170°- 178° 

,1 

1779  Mav  28 -Oct.     1 

178-  185 

Comet  d  1889 

1886  Jan.  24 -Sept. 14 

175-193 
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This  coincidence  was,  in  fact,  what  first  turned  my  atten- 
tion to  the  subject.  But  we  note  still  further  that,  assuming 
the  substantial  correctness  of  the  period  of  comet  d  before 
disturbance,  four  periods  (107.8  yrs.)  are  nearly  equal  to 
nine  of  Jiipiler'.i  (106.9  j'rs.).  From  this  it  follows  that  the 
two  bodies  must  have  had  another  close  approach  to  each 
otlier  about  1779,  when  the  comet  was  near  its  node  in 
lonfjitude  177°.o.  This,  if  it  were  merely  an  accidental  coinci- 
dence with  the  place  and  date  of  the  derangement  of  Le.xell's 
comet,  would  be  a  very  surprising  one.  Hut  however  curi- 
ous this  may  be,  it  might  be  fairly  objected  that  it  does  not 
demonstrate  identity,  because  it  implies  a  much  greater  pre- 
cision in  the  dimensions  of  the  ellipse  previous  to  iS86  than 
tlie  method  I  have  pursued  is  capable  of.  I  feel  the  full 
force  of  this,  and  therefore  propose  to  show  that  the  like- 
ness of  the  elements  to  those  of  Lkxeli.'s  comet  still  remains, 
even  with  very  considerable  alterations  in  the  major  axis. 

Whatever  the  law  of  the  motion  of  the  comet  after  1779, 
it  must,  if  ellii)tic,  return  at  some  time  or  other  to  the  place 
of  its  disturbance.  If  identical  with  the  present  comet, 
therefore,  its  period  must  be  an  aliquot  part  of  about  107 
years.  It  must  be  noted  that,  among  the  various  possible 
values  of  the  period.  -!-2i ,  we  can  draw  no  inference  from 
n  =1  3,  inasmuch  as  this  would  bring  the  comet  and  Jupiter 
together  in  181;')  and  1850  also,  causing  enormous  perturba- 
tions. Similar  logical  discontinuity  attends  multiples  of  3. 
The  following  table  contains  the  elements  given  by  LeVeu- 
itiEu's  theory  for  various  assumptions,  2,  4,  &e.,  as  the  nnm- 
bor  of  revolutions  between  1779  and  1886.  Each  of  these 
values  results  in  two  possible  orbits,  corresponding  to  posi- 
tive and  negative  values  of  the  indeterminate  /i. 

It  will  be  seen  that  the  perihelion  longitude  changes  enor- 
mouslj'  with  /I,  practically  ranging  over  tiie  whole  circum- 
ference.    The  longitude  of  the  node,  liowever,  ranges  within 

Camhridge,  1889  Nov.  22. 


quite  narrow  limits,  except  for  extreme  positive  values  of  /i, 
all  near  the  node  of  comet  d  before  1886.  The  inclination 
of  the  latter  also  holds  a  mean  position  among  those  cor- 
responding to  positive  and  moderate  values  of  .'i.  The 
eccentricities  are  all  larger  than  for  comet  d,  and  indeed. 
larger  than  Bukckiiardt  obtained  for  Lexell's,  but  for  small 
values  of  n  they  are  not  greater  than  might  be  expected. 
On  the  whole  the  agreement  for /i  =  -1-0.35  is  the  best, 
and  is  as  satisfactory  as  could  be  anticipated  from  the  un- 
certainty of  both  determinations. 
Rev.  ft  n  ^  i  e  a 


14 

—0.29 

27 

16 

177 

53 

16 

28 

0.65 

3.86 

12 

—0.24 

38 

0 

178 

2 

17 

29 

0.57 

4.28 

10 

— O.-.'l 

47 

0 

178 

6 

18 

0 

0.54 

4.82 

8 

—0.17 

64 

40 

178 

5 

1-8 

25 

0.50 

5.«1 

6 

—0.13 

110 

0 

178 

6 

18 

48 

0.53 

7.05 

4 

-0.10 

110 

34 

178 

6 

18 

50 

0.53 

8:90 

2 

—0.07 

126 

8 

178 

2 

18 

47 

0.56 

14.14 

2 

-1-0.29 

240 

20 

176 

0 

12 

32 

0.67 

14.14 

4 

-1-0.35 

259 

15 

175 

26 

11 

25 

0.53 

8.90 

6 

-4-0.41 

278 

44 

174 

46 

10 

15 

0.53 

7.05 

8 

-1-0.52 

302 

40 

173 

14 

8 

38 

0.54 

5.61 

10 

-i-0.65 

319 

52 

171 

55 

7 

12 

0.58 

4.82 

12 

-1-0.78 

328 

55 

170 

10 

6 

7 

0.63 

4.28 

14 

-1-1.01 

337 

58 

166 

57 

4 

50 

0.68 

3.86 

Taking  all  the  points  here  presented  into  consideration 
there  is,  to  my  mind,  an  overwhelmingly  strong  presumption 
in  favor  of  the  identity  of  these  two  comets.  I  hope,  as 
soon  as  the  comet  disappears,  and  the  observations  during 
its  whole  apparition  are  at  hand,  to  proceed  to  an  .accurate 
computation  of  the  whole  perturbative  effect,  of  which  only 
the  more  important  parts  have  here  been  rudely  determined. 
Meanwhile  there  are  other  interesting  iwints  to  be  presentetl, 
for  which  there  is  not  time  or  space  in  this  commnnication, 
and  thev  must  be  deferred  to  another  number. 


i:i'iii:.Mi:i;is  of  cc^met rz issit. 

Hv  WILLIAM    BI.LI.\MV. 


Gr.  M.T.  IHWi 

•Vpp.  a 

-Vp 

p.  .I 

log  )• 

l••^'  A 

Br. 

Gr.  -M 

.T.  issit 

Vpp.  a 

■Vpp.  .V 

Nov 

24.5 
25.5 
26.5 

h 

23 

54  "4.'.' 

55  39 

56  ;i4 

-1-0' 
0 

40.5 
49.9 
59.4 

0.3022 

0.1351 

1.24 

Dec. 

7.5 
8.0 
9.0 

t 

0 

8"'  0" 
9  10 
10  20 

-|-2°48!8 

2  59.1 

3  9.5 

27.5 

57  30 

1 

9.0 

0.3035 

0.1457 

10.5 

11  .32 

19.9 

28.5 

58  28 

18.6 

11.5 

12  44 

-  .30.4 

29.5 

23 

59  27 

28.4 

12.5 

13  .58 

3  40.9 

30.5 

0 

0  27 

3S.2 

0.30  IS 

0.1563 

13.5 

15  12 

3  51.5 

Dec 

1.5 

1  28 

2  ;!i 

1 

4S.1 
5.s.(l 

1  1.5 
15.5 

16  28 

17  44 

4   2.1 

12.  S 

4.5 

3  31 
5  15 

2 

S.l 
IS.l 
28.3 

O.HtlCJ 

ll.lC.tl.S 

i.oi; 

16.5 
17.5 
1.S.5 

19  1 

20  19 

21  38 

23.5 
34.3 
45.1 

6.5 

0 

6  52 

-f-2 

3K.5 

0.3077 

(M771 

19.5 

0 

22  58 

-f-4  .-.5.9 

loSA 


0.3092       0.1879 


0.3107        0.19,S3        (I. '.Ml 


0.3123        0.2086 


0.3140       0.2189 


104 


T  II  E     A  S  T  U  O  N  U  M  I  C  A  L     .1  ()  T  U  N  A  I, 


N°  205. 


Gr 

M.T. 

App.  « 

App.  8 

logr 

log  A 

Br. 

Gr.  M.T. 

.\p|i-  a 

App.  fi 

logr 

log  A'  ■ 

Br. 

Doc. 

20.5 

0 

24   18 

+  :,    6.8 

Dec.  26.5 

0     32  39 

+  6   12.8 

21.5 

25  40 

17.7 

0.3157 

0.2291 

0.79 

27.5 

34     5 

23.9 

II..",  192 

11.2191 

22.5 

27     2 

2.S.7 

28.5 

35  32 

35.1 

23.5 

28  45 

39.7 

29.5 

36  59 

46.2 

21.5 

2:t    t!) 

5  50.7 

0.3171 

0.2391 

30.5 

0  38  27 

+  6  57.4 

0.3210 

0.2589 

0.67 

25.5 

0 

31    14 

+  6     1.7 

This  epheinoris  was  coinpiitcil  from  llie  elements  of  the  foregoing  article,  p.  101.     A  comparison  with  tlie  latest  known 
observation,  l>v  Prof.  Fkisbv,  Nov.  16,  gives  the  corrections,     J«  =  +0'.4,     Jd'  =   +0'.3. 


FILAR-MICK():\rETEK   OBSERYATIOX8   OF   COMET  cZ  1889  (/J/?00/r.S) 

MADK    wnu   TIIK   i>."i-IXCn    Kl)U.\rOiaAL   OF   THE   .JOHNS   HOl'lvINS   rXIVKItSITY, 

By  C.  A.  BOKST.  ' 

[Coinniunicated  by  Prof.  NewcOiMB.] 


Greenwich  M.T. 

* 

No. 
Comp. 

Ja 

#- 

-* 

^8 

^'s  apparent 

1          8 

log 

for  a 

for  A 

Oct.  15  16  28  40.4 

a 

5  ,  3 

— 0"4l' 

27 

+  0  15.5 

h 

23 

41 

20.33 

—4     8 

30.6 

9.184 

0.946 

16  15  45  39.4 

a 

5  ,  3 

—0  55 

30 

+  4  55.9 

23 

41 

6.30 

—4     3 

55.3 

8.619 

0.947 

17  14     7  56.2 

b 

15  ,  3 

+  0  25 

66 

+  2  18.9 

23 

40 

53.98 

—3  59 

7.7 

718.902 

0.946 

19  13  53  59.3 

0 

5  ,  3 

+  1  41 

74 

—1   55.9 

23 

40 

34.65 

—3  49 

8.7 

«9.04G 

0.945 

21   14  39  25.7 

d 

6  ,  3 

—0  27 

45 

—1   31.0 

23 

40 

19.61 

—3  38 

10.3 

/18.I6O 

0.944 

Mean  Places  for  1889.0 

of  Compi 

irison- Stars. 

* 

a 

Red.  to 
app.  place 

s 

Red.  to 
app.  place. 

Authority 

a 
b 
c 
d 

23  41  59.17 
23  40  25.90 
23  38  50.51 
23  40  44.62 

+  2!  43 
+  2.42 
+  2.40 
+  2.44 

—4    '9     6.6 
—4     1  42.2 
—3  47  28.2 
—3  36  54.6 

+  15."5          Lalande  46612 

+  15.6          Gould  32111 

+  15.4          Grant  6281 

+  15.3          Comparisons  with  c 

The  observations  were  quite  difficult,  owing  to  the  illumination  of  the  air  by  electric  lights  in  the  vicinity. 


COMET/ 1889. 

A  disp.itch  from  Rochester,  received  Nov.  18,  announces  the  discovery  of  a  new  comet  i\v  .Swift.     The  position  given 
is  probabl}'  in  time  of  the  meridian  of  5''  from  Greenwich. 
1889  Nov.  17,  6''  45'",     a  =  22''  42'"  25%     5  =  +11°  51'.  Daily  motion,  2'"  in  a  and  15'  northward.     Faint,  no  tail. 


An  observation  of  this  comet  has  been  received  from  the  Lick  Observatory,  where  it  was  observed  by  Mr.  Barnard, 
1889  Nov.  20.6704  Greeuw.  M.T.  a  =  22"  49'"  19^0  8  =   +12°  45'  52". 
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METHOD  OF  COMPUTING  AX  ORBIT  FRO^I  THREE  COMPLETE  OBSERVATIOXS, 

By  Ukv.  GI:0 

This  method  is  intended  specially  for  the  orhits  of  comets  ; 
though  it  is  applicable  in  all  cases. 

Various  formulas  employed  in  it  have  been  given  in  previ- 
ous numbers  of  the  Astronomical  Journal;  but  as  it  has 
recently  seemed  expedient  to  put  it  in  quite  a  different  shape, 
especially  by  taking  a  different  dimension  of  the  orbit  for  the 
coincidence  (the  one  now  used  being  substantially  the  same 
as  that  employed  by  Gauss),  and  to  calculate  the  (juantity 
>•?■"  cos  2/'  instead  of  the  chord,  thereby  much  simplifying  the 
formulas  of  Oluek.s's  method,  it  seems  necessary  to  state  the 
course  to  be  pursued  entirely  anew. 

It  will  be  seen,  as  we  proceed,  that  where  the  angles  trav- 
ersed by  the  radius-vector  of  the  body  are  not  too  large,  the 
equation  for  its  distance  assumes  the  following  very  simple 
form,  similar  to  that  of  the  equation  of  fiAfss  ; 
sin  (  Y —  Y„)  =  m  siu'  ^(or  in  some  cases,  m  sin*  I'cos''^  2  Y) 
in  which  1'  is  a  fictitious  angle,  not  the  same  as  the  z  of 
(iAUSS,  from  which  however  the  distance  can  be  easily  eom- 
])uted  ;  and  )'„  and  m  are  constants  ol)taiued  appro.ximately 
without  much  trouble  from  the  observations,  and  easily  cor- 
rected from  one  hypothesis  to  another. 


The  fundamental  unknown  quantity  taken  is  the  ratio  of 
the  triangles  in  the  orbit.  This  ratio  being  known,  it  is 
clear  that  for  any  assumed  value  of  ^  the  first  curtate  dis- 
tance, we  have  the  third,  /)",  aud  that  thus  the  plane  of  the 
orbit  is  determined.  It  follows  from  this,  that  the  points  of 
intersection  of  the  three  lines  of  observation  with  this  plane 
are  known  ;  and  as  three  points,  with  the  focus,  completely 
d(!termine  a  conic  section,  that  any  dimension  of  this  conic 
section  is  ascertainable  from  these  |)oints. 

Hut  the  same  dimension  can  also  be  obtained  from  the  two 
extreme  points  and  the  intervening  time. 

Now  the  value  of  p  may  be  so  taken  (hat  the  two  values 
of  the  dimension  clKisen.  dctfrmined  in  these  two  dilTerent 
ways,  shall  agree. 

Various  dimensions  might  be  chosen  lor  this  purpose ;  we 
sector 
triangi 
points.      This  is,  as   is  well   kuDWii.  renilily  di'teiiniii 


^hall   select   the    ratio  r/  ='  — ^ 


between    the    extreme 


M.   SK.VKLK. 

the  two  radii,  the  intervening  angle  and  the  time  ;  it  is  also 

determined,  by  means  of   the    parameter,    from    the    three 

points. 

And  it  is  clear  that  two  conic  sections  having  two  radii 
and  the  included  angle,  together  with  this  ratio  r/,  the  same, 
must  coincide  entirely  ;  for  if  the  ratio  r/  is  the  same,  the 
sectors  must  be  equal  in  area  in  the  two ;  but  for  this  it  is 
manifest  that  the  curves  must  cross  at  least  one  point  be- 
tween the  two  extreme  ones.  But  if  so,  they  have  three 
points  in  common,  and  must  entirely  coincide. 

Now  to  determine  r/  from  the  three  points. 

We  have,  using  the  notation  of  Gaiss. 

r  sin  if 


71  -f-  n"  ■ 


1  -I-  -: — 


irr'r"  sin/sin/'  siuy"" 


r'  sin  2/ 

2r  sec/ sin/'  sin/* 
Now  »•',  as  determined  by  the  intersection,  is  given  by  the 
formula 


r  sin  2/ 
»•'  sin  2f 


=  1  +  X„  +  P.-'  /  -1-  Qp 


in  which  X„  is  a  constant  determined  by  the  places  of  the 
earth,  P  and  Q  constants  determined  by  the  plsices  of  the 
earth    and    the   observations,   p   the   first  curtate  distance. 

I'  =    -7,  or  the  assumed  ratio  of  the  triangles,  and  /  a  quan- 

tity  dependent  on  r  and  constants.  We  have  then,  denoting 
,.->■  _  p,.->  /  _  jv;  bv  Ni 

I  '^  Nt  —  Qp 

P 


The  formula  abnve  for 


2r  sec/sin/' sin/ 
)•  sin  2/'' 


)•  sin  2/ 
!is  [it]  Art.  in,  Tlteoria  ^fotll.1. ' 


substautiallv  the  same 


Now 

(lAfSS. 


t/h'  =  k{t" — t)^p  =  0'\Jp      in  the  notation  of 
We  have  then 

i    _   (»r'')'sin=*/'  JT,  — Q/> 

2r  sec  f  sin  f  sin  f 


—         e"- 

__  »•%•  cos/  cos/'  sin  2/' 


{y^~Qp) 


ff-  sin./" 

We  have  now  all  that  we  need  for  solving  each  hv|H>thesis 
for  r.     Assuming /I  we  can  i>btain   from   it      r.  r',  f,  f\f  ; 

these  give  the  value  of     ,.-  as  determined  by  the  three  points. 

wliile  (Iaiss's  process  gives  the  same  <piantity  as  determinefi 
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for  r,  r",  f  and  tlic  tinu' ;  (Ictciniiiiiiij!;  lln-ii,  by  trial,  for 
what  value  of  our  asstiiiKHl  <|uaiitity  the  two  sliall  coincide, 
tiie  two  conic  sections  will  for  this  vahid^  entirely  coincide, 
uiul  the  only  tliiiij!;  now  necessary,  to  verify  or  correct  the 
assumed  value  of  >■,  will  he  to  see  whether  the  middle  radius- 
vector  as  determined  by  the  time  falls  on  thai  detenninccl  liy 
tiie  middle  line  of  observation. 

It  is  easy  to  compute  accurately  the  ratio  of  tiie  sectors, 
as  determined  by  the  intersections.     For  we  have 
2    V'^'  sin/ tan/' 


'<-l 


and  similar  ones  for 
We  have  then 

V-1 


•¥     1— !(-i'— I) 

-1      and      /,"—!. 


Jrsin2'/'       I 
!•'  sill  2/  \ 


tan-'  / '    1 
tan^  f     1 


f'(.-c'— ?') 


(For  the  hyperbola,  substitute  z  +  X  for  x — |.) 

This  gives,  denoting    \  +  N„+  Pv-^  /  =  I  +  )•-'  —  .V,  by  iVi,, 

V— J_  _   Vp2+gP)tanV      1— f(!B— ?) 
r,  —  \  1  _§(.«'_!')      •       ^taiiV 

Simihuiy  we  shall  obtain 

V-2  ^     ,~  V  ('-V7+^|0)  tany    1  —  f(x'^— r) 
'/'—I  ^  \—l{x'—l')      '        Vti<r 

or,  since 

(r/— 1)[1  — e(.x-'— I')]  =  ^%,   (Theoria  Motu.%  Art.  91,) 
we  have 


1  —  1 


m- 

1     =      V''-'        ,2 


4 V  tan^/ 

3V(-Vo+WtanV'   ■  1— |(x— =)_ 
4 Vtap^y" 


3V(-V2-|-$/J)  tanV 
These  formulas  for  obtaining  r,  and  r"  are  entirely  depen- 
dent on  the  angles  /,/',/"  and  the  radii  r,  r\  i".  if  we  de- 
termine .»',  x"  or  z,  z"  by  the  formulas 

sin-f/   /      tan- 2?t\         j-'sin'-/'   tan/" 

sin'-(/'  \_      tau-2n7         r  sin"/'         (A'j+Q/l))  tan/' 

sin- 9'    /      tan-2jt"\  /■'  siir/" j~' tan/" 

sin-5f"\      ian-'2)('y         /■"  sin-_f'  (X-t-Q/j)  tan/' 

■,,      sin-(/  .  ,         ^  .r(l — .T ) 

ror     .  „•  ,  ,  we  iiiav  write  with  ijerfeet  accuracy  —r ,- 

sin-f/'  ■  •   x'(\ — x'\ 


or  for 


if 
tan-  2)4      z  (\+z  ) 


usually  we  may  safely  neglect 
We  have  then 


(X-l-Q^Han/' 
(2' -1-2'-) 


-f  x"- 


tan  /■  ■ 
tan  f" 


{N,+Qp)tanf' 

,„  ^  (z'+z'^)  

(N,+  Qp)tanf    '       v 
in  which  as  a  rule,     x",  x'-.  x"-.  z-,  z'-.  z""  may  be  neglected. 


'It  is  not,  however,  necessary  to  compute  both  r, —  1  and 
r/' — 1,  unless  indeed  we  are  aiming  at  extreme  accuracy. 
For  we  have,  as  is  plain, 

r/n-"  sin  2/'  =  ?/;•'»•"  sin  2/+  r/'rr'  siu  2/" 
=  r.r'r"  sm2ffl  +'''-  v'^ 

r.'rr"  sin  2f'        %' ,.»,,,  .   r," 

);>•'/'  sin  2/  y,  Tj 

From  tliis  we  have     X  +  Q/>  =i   -,  -(-  -',  )~' 


;^=['^'^V2+Q/')-l']' 


We  can  then  merely  coininite  ;,  ami  olitaiii  ;/'  liy  this 
formula  ;   we  also  have,  if  preferred, 

-7,^    '„  (JV.,+  Q/))  ■ — i~'     bv  which,  having  computed  »/'  bv 

'/  'i  " 

the  formulas  for  x"  and  (//' — 1 ),  we  have  /,  by  this. 

The  above  expressions  for  ;,  —  1  and  /," —  1  are  available 
for  the  correction  of  r  ;  but  if  we  should  attempt  to  determine 
1/^  and  ;,"-  (liieetly  on  the  principle  that 

we  should  simply  beg  the  (piestion  that  the  sectors  were  pro- 
portional to  0  and  $",  or  that  the  middle  radii  in  the  two 
orbits   coincided;    and  should  find,  as  will  easily  be  seen, 

,"  .  U" — t') 

that     "•~ri r     simply  gave  us  our  original  value  of  r. 

'(      ('■      ') 

By  computing  ;,  and  ;/'  in  llie  above  manner,  however,  we 
obtain  their  real  values  for  the  points  determined  by  the  in- 
tersections, and  shall  obtain  a  real  improvement  in  )■  by  the 
above  formula;  with  this,  if  we  please,  ./"and/"  may  be  re- 
computed, and  from  them  i^  and  //',  and  ;■  still  further  refined, 
before  proceeding  to  the  next  hypothesis.  Hut  this,  as  a 
rule,  is  hardly  worth  while. 

It  remains  to  give  a  method  for  the  trial  to  make  the  two 

values  of  -rr,  coincide. 
',  "  1 

This  e([iiMtion  for     ,0  given  aliove  might  serve  for  the  trial 

in  its  present  form,  with  /)  as  the  quantity  to  be  assumed. 
Evidently,  from  r  and  /)  all  the  variable  quantities  in  it  can  be 

computed  and  the  resulting  value  of  —^,  compared  with  that 

;,  - 

resulting  from  the  time  with  r,  r"  and/'. 

But  this  can  probably  lie  better  done,  as  the  time-value  of 
-TT,  is  more  generally  accurate,  and  varies  slower  than  the 


other,  by  making 
N,-Qp 


6'-smf"secfsecf'       1 


)•"-(•  siu  2/'  *  //- 

Assuming  p,  we  may  compute  the  first  factor  of  the  second 
member,  then  multiply  by  the  'time-value  of  -rs-,  and  thus 
obtain  an  improved  value  of  /).    This  having  been  performed 


N"  20fi. 


T  II  K     A  S  r  K  ( )  N  < )  M  I  C  A  L     JO  I    K  X  A  L 


twice,  a  sufliciently  accurate  value  is  got  by  an  interpolation 
formula. 

IJut  we  can  put  tiiis  equation  in  a  more  convenient  siiape. 
We  make 

sin  f"  sin  if  ,■"         .„  ff' 


oTtSCC/      .-7,-    •   ., 


sin  2/'         2  cos/"  sin  2/'        2r' 
Tliis  gives 

$'ff'      sec/  sec/'  sec.f 

2>yr"  ■  ~^      v?' 

6'^'        V»t"    sec/ see/' sec/" 


-V,-Q/. 


This  may  be  written 


•>{r/'Y"-       r' 


X 


B'ff' 


2(rr")V:. 

in  wiiieli  X  is  a  quantity  near  unity  for  moderate  values  of 
./"',  and  varying  slowly  for  changes  in  f. 

We  may,  however,  give  this  equation  a  form  which   is  in 
some  cases  still  more  convenient,  namely 


N,  —  Qp  =  X  cos"^^'  2/'  - 
or     X' 


&•$" 


2[rc"cos2/']'/2 

e'd" 


2[)-)-"cos2/']v-' 
The  advantage  of  this  is  that  /-/'cos  2/'  is  easily  expressed 
in  terms  of  /).     We  have,  denoting  the  rectangular  coordi- 
nates of  the  body  by  the  usual  symbols, 

rr"  cos  2/'  =  xx"  +  yy"  +  zz" 
;n)d  making     cos(J." — /.)  +  tanp'tan^'  =  e 
and     ft"  =  Mp  +  I,     in  which  M  is  a  constant  multiple  of  r 
the  ratio  of  the  triangles,  and  /  a  simple  function  of  r  and 
known  quantities, 
rr"co8 2/'  _    .._\'Reos(r—L)  _^  R"vosO-—L") 


=  ^-L e + i -M-m]' 

KR"cos{L"—L)         Rco3(i."—L)     I 


eM 
-I 
2M' 


Making  now    .  -\-  -:rT>- =  i\     ''"'l    w ,>■ 


'  M 

.)„-  =  n, 


TTr    COS  S?/" 

we  have '      =:   (p — po)-'-4-(i.    The  values  of  ?,  s',  e" 

are  readily  perceived. 

Denoting  now      ^  —  p„    bv  '/,     the  etpiation  for  trial  be- 

comes,  if  we  put        —  />o  =  .'/o 

''  =  ^"-2Q^-^-(''^+">"'" 

B'ff'    . 
In  this.  -.>-    7    IS  constant  wli:le  the  observations  and  the 
•IQi-  - 

times  remain  unchanged.      M  is  of  emnse  constant  for  each 

hypothesis  : 

.., V"^'     sec/ sec./"  sec/'  cos' -'  2/' 

'    ~    r'    '  ,;,," 

does  not  vary  much  if  /'  is  not  too  large,  and  may  be  taken 
from  a  previous  hypothesis  or  a  previous  orbit  ;  if  there  is 
no  previous  hypothesis  or  orbit,  it  may  be  taken  eiiual  to 
unitv  to  start  with. 


V-n 
We  now  make 


=  tan  }' 


these 


We  have  then,  dividing  the  equation  for  ;/  by  V"'   *"*' 

denoting 

If  /I  is  negative,  we  divide  by  V— "'  """i  have 

— =  tan  J  .     — — 

.'/  .v.. 

e(|uations  then  become,  for  ji  positive,  if  we  make 

9H„  sin  1',  =  m 

sin(  1" — I'o)  :=  vt  sin'  T 

which  has  the  same  form  as  the  equation  of   G.xiss :    and 

for  II  negative. 

sin(l'' — 1',)  =:  111  sin'  1' cos* -21'. 

When  Q  is  zero,  or  very  small,  we  may  put 

V±nC                               X'B'ff'          cos  Fo 
tan  lu  ^   ^; — ^  m  =  — ^^-     in 

which  n  is  always  positive. 

Several  special  cases  arise. 

1.     When  n  is  very  near    zero,  the  equation  is  perhaps 
better  solved  in  its  unchanged  form. 


y  =  Ho  — 


6'ff'      X' 


jT^  (jr  +  ii)"'  -'     (to  be  multiplied  by  Q 


if  this  is  also  very  small). 

2.  When  if  +  n  is  very  small,  cos  2/'  must  also  be  very 
small,  unless  the  latitudes  are  high,  or  M  has  an  un- 
usually large  value,  owing  probably  to  great  proximity  of 
the  object ;  if  cos  2/'  is  small,  or  in  general  if  'If  has  a 
value  >G0°.  it  is  probable  that  the  lirst  equation  (with  .V) 
should  be  preferred. 

3.  When  if  -f-  ii  is  negative,  it  is  certain  that  either  eM 

or  cos  2/'  is  negative  ;   for  the  whole  term,  being  eipial  to 

\0'ff' 
— ' — TT^r-,  is  certainlv  real ;  if  cos  2/"'  is  negative,  we  had 

better  adopt  the  other  equation  ;  but  if  eM  is  negative,  its 
sign  as  well  as  that  of  ;/'  +  ",  may  be  considcrtnl  positive, 
as  far  as  the  solution  of  this  equation  is  concerne<l. 

In  most  cases,  however,  in  which  the  use  of  this  metlicHl 

is  contemplated,  both  p.V  and  cos  2/"  will  be  not   very  far 

from   -(- 1  :  and  indeed  ii    will   be  generally   positive;  for  / 

usually  is  not  large  ;  and  tiiakiiig  e  ami  M  =:  1  and  /  =r  (i. 

7?i>os(r— L)  +  ir(co8i— /.') 

''»=        "■--         2 

the  niaxnnnin  value  of  which  is 

—_ which  will  not  much  exceed  -v/i'  ^  \J  JtJf  c<ta(L'—L) 

When  if  has  a  value  >  (50°,  it  will  generally  l>c  well,  as 
has  been  said,  to  fall  back  on  the  previous  (S]uation.  in 
which,  insteatl  of  A'',  A'  is  used.     For  this  we  have 
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f-   Q        W      ^      ^ 

and  l)y  tliis  we  v.u\  make  the  trial :  tli<)U<;li  nut  (luite  so  con- 
veniently, foi-  we  must  iiere  compute  r  and  r"  separately. 

'i'lie  formulas  for  these  are  however  (juite  simple.     For  r, 
we  lia\i' 

r  =:  p'sec-ji  +  R-  —  2 Jtp  con (). — L) 
or  >"C08-p'=  [^ — Jt cos{). — L)  cos-fi]- 

+  7i^-cos-p'[l — cos-(A — L)  cos-p'] 

If  iu  this  we  make  cos(P. — L)  cosp'  r=  cos^'',  this  becomes, 
if  we  also  put    B  ^^  It  sin  <)•  cos  ^  and  0  =;  —  R  cos  <!•  cos  fJ, 
r-eos-p  =    {p+C)-  +  If 

For  »•"-,  we  have 

r"-  =  {Mp+iy-  sec-'p'  +  R"-  —  2R"{Mp  +  l)  cos{)."—L") 
which  reduces  to 


(p+c:r  + 


B"- 


JP 


r  -  cos-  pi 

if  we  make  as  before,      cos,{X"—L")  cosp'"  =  cos  ^'■", 
B"  =  R"  sin  V'"  cos p"         C"  =:  —  R"  cos  v'"  cos p'" 

and  Co    =  — T^r- 

M 

Having  solved,  then,  either  of  these  equations  by  trial,  we 

compute  cos  2/'  by  the  formula 

eM{ij-+n)         neM , 


cos  'if  = 

U  1 


+  1 


cosec-'y  for  n  positive, 

or  = — cos  2  Fcosec- 1'  for  ?;.  negative. 

From  this  we  readily  obtain  /  and  /"  by  means  of  *,  r, 
and  r" ;  then  y/,  ;,  and  ;/'  by  the  processes  given  above. 

It  may  be  objected  that  /'  is  not  attainable  with  great  ac- 
curacy by  the  equation  for  cos  2/' ;  but,  after  all,  it  is  only 
needed  for  the  computation  of  /^  and  »/',  and  the  accuracy,  if 
obtained,  would  be  nearly'  useless. 

The  formulas  used  in  this  method  would  no  doubt  in  some 
respects  be  simplified  if  we  should  take  M,  the  ratio  of  the 
curtate  distances,  as  our  uuknown  quantity,  instead  of  v  the 
ratio  of  the  triangles  ;  but  as  we  need  the  latter  quantity  in 
the  subsequent  work,  and  should  have  to  continually  recom- 
pute it  bv  the  formula 

_  aMp  —  N 
'■  ~    bp  —  N" 
we  should  perhajis  rather  lose  than  gain  ;  and  moreover,  as 
we  should  be  obliged  to  get  M.  for  a  new  hypothesis,  by  the 
fornuila 


M  =  V  -  -h 


N—  vN" 
ap 


in  which  /;  would  have  to  be  taken,  from  the  last  hypothesis, 
it  is  probable  that  the  hypotheses  for  If  would  not  be  so  con- 
vergent as  for  f,  since  there  would  be  the  additional  uncer- 
tainty as  to  the  value  of  p. 

It  will  be  noticed  that  our  unknown  quantities  )■  and  X 
(or  A'')  are  nearly  the  same  as  those  of  Gadss. 


For  the  computation  of  a  first  parabolic  orbit,  it  will  not 
be  advisable  to  use  this  method,  since  more  or  less  departure 
from  the  parabolic  form  would  very  probably  !•'•  indicated 
(owing  to  the  want  of  perfect  accuracy  in  the  observations), 
which,  however,  would  not  be  reliable.  In  this  case  we  must 
assume  the  parabolic  form  and  the  parabolic  time-equation, 
which  can  be  ]Kit,  when  the  intervals  of  time  are  short,  into 
a  little  more  simjile  a  shape. 

We  have  for  this  equation,  making  ^^rr"  cos/'  :=  r„. 


2 


;•+/ 


=    (r+r"  +  r,) 

T  "1-  ?*" 

Or  denoting  — - — 
2rii 

have,  since     k"  =  (r-f-r")- — »4)v, 
W-  _  _(»-f->•"-^/■„)-         ., 
~1~  ~  ~ 

or         26' 


1      by  x\  and   the  chord   by  k,   we 


(3-f2a;^ 


ic'to 


\r,f 


4?V' 


bv  X 


2{r+i-"  +  2r„) 

We  also  have,  dividing  the  square  of  the  first  e(|ualion  by 

9^'=  ,       ,  „    , 

=^   {'6-r2x  )' X    \  and  now,  denoting 

By  means  of  this  we  can  turn  the  series  containing  x'  into 
one  iu  terms  of  x  \  which  gives     1  +  |  a;  —  \^x-  +  ^\^  x^  &c. 

Denoting  this  by  X,  we  have  26'"  ^=  Xic'ro  in  which  X 
is  a  function  of  .r,  and  easily  tabulated  for  small  values  of  x. 

For  the  time-equation,  now.  instead  of  calculating  r,  r", 
and  K,  we  shall  only  have  to  compute  r„  and  k  from  the  ob- 
servations. 

Now  ro  cannot  be  directly  computed,  but  rr"  cos  2/' can  ; 
and  we  have,  with  all  necessary  approximation  for  small 
values  of/', 

tan  2f'  r=  — -         r„  =  -^ri-"  cos  2/'  .  sec/' 

V  >■'■"  cos  2/' 
The  value  of  sec/',  and  still  more  of  X,  when  obtained 
for  a  value  of  /)  anj'where  near  the  truth,  will  suffice  for  the 
trial. 

For  a  first    parabolic    orltit.   W'e  shall   assume  p"  =  Mp, 

t"—t'     h  X      h 

— •  -     or  -rv^ 

t — t      u  X' 

We  have  then  also  to  compute 

c  =:  see"  p'  -l-  M'-  sec'fi" 

e  =  cos(/." — ).)  +  tan  fi  tanf)'" 

/(„  =  R  cos(;.— i)  +  MR"  eos{)."—L") 

h  =  7?"eos(;.— L") +  i'/^cos(;."— 7.) 

g-  =   {R"—R)-  +  ARR"  sin-^ {L"—L) 

h 

2^1 

RR"  cos {L"—L) 


in  which  .1/  nuiv  be   = 


^  .      ,     as  preferred 


A'- 


eM 

c  —  2eM 
2(h-h„) 


—  Pii 


Then  for  the  trial. 


K-  =  (f  +  ip(p  +  d) 


N"-  20G. 
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and  denoting  ^rr" cos2f'  by  r,, 

,r  =  eM[(p-r„)-  +  i,^ 
For  this,  we  iiiuy  make 

Vn'-'/cosec}'. 


.»/ 


iMIl  )'  = 


tan  2/' 


=:  ;•,  sec/' :   fioin  tliis  .r  and  X. 


Tiien     X/c-r,,  =  -20'-. 

(For  the  first  trials,  we  may  taiie  simply  k-i\  =  26'-'. 
Tiiis  beins;  approximately  solved,  sec/'  and  X  may  be  intro- 
duced without  need  of  any  subsequent  change. 

This  equation  l)eing  satisfied,  we  compute  the  elements 
down  to  u  and  n"  by  the  formulas  given  below  ;   then,  n)akiiig 

4    „  =:   tan(-l.") — m),     we  have 

tau  ^F'  =  sin  2o)  cot  \f 
and  from  this     r  and   '■",  ,7 — Q.  '/.  and  7'. 

The  following  table  will  generally  sullice  for  X. 


X 

lof:  A' 

X 

loK  -V 

0.001 

0.000361 

0.006 

0.0021.50 

.002 

.000721 

.007 

.002504 

.003 

.001080 

.008 

.002H57 

.004 

.00143X 

.00!) 

.003209 

0.005 

0.001 71lo 

0.010 

0.00355!) 

We  proceed  now  to  give  the  formulas  foi-  practical  conii)u- 
tation  for  the  general  case.  The  longitudes  and  latitudes  are 
denoted  by  ).,).',).",  fi,  ji',  ^' ;  the  corresponding  times  by 
t,  I',  t"  ;  the  longitudes  of  the  sun  and  radii-vectores  of  the 
earth  by  /.,  L\  L" ,  li,  R\  H" . 

It  will  be  well  in  preparing  these  data  to  employ  the  third 
method  of  Gauss,  correcting  the  places  for  stellar  aberration  ; 
since  if  there  be  a  departure  from  a  parabolic  form  in  the 
orltit  the  distance  may  recpiire  considerable  correction,  so 
that  if  we  enqiloy  citlici-  of  the  otlier  methods,  we  may  have 
to  recompMie  tlie  cdnslanls  wliicji  lie  at  the  basis  (if  the 
work. 


Fo1{MI:L.\S    I'OU    PUACTICAL    CoMlMTATIOX. 

(Quantities  to  be  computed  once  for  all. 

.V  --=--    li"/,'"  sui(L"-L') 
.V":=   /;A"sin(A'— />) 
^  ^  RU"h\»(IJ'-L)  _^ 

m'  =:  8in(^' — L')  cotfi' 
a  =  7f'[8in(A"— A')  —  »(' tan,i"'] 
&=  /J'[m'tan,i  —  sin(/. — /.')] 

■/'  =  -^  8in(J."—f/')  — sin (/.'—//')  tan,"  cotp" 

<3  =  'rsi..(r-;.');'"''t-fsin(A'-A),^"'i^'-si„(r-A)l 


e  =  COS  (;."—>.)  +  tan^  taDjJ" 
_  R  co8(r— L) 
e 
,_  RR" cos(L"—L) 


R"cos{l—L") 


cos  0  =   COS  (J  C08(i — L) 

cosV'":^  COS  (i"  cos  (A" — L") 

B  ^  iZsinV'COsff      1  always 
B"  =  R"  sin  <;■"  cos  j3"  J  positive 
C  ^  —  R  cos  <}'  cos  ^ 

C"=    — /?"C0SV''"C08|S" 

?\)r  each  hypothesis  assume  >■,  and  compute 


M  = 


t  = 


N—  rX' 


If  we  have  no  previous  approxiinution  for  r,  we  mav  make 


it  =  Tro)  so  that  I  =  0 


N 
C"„  = 


C"+  I 


=     €    + 


M 
e"~l 


N,  = 


(Pr-U+N„) 


M 


N.,=    \  +  (Pr-'l+N„) 


^'  —  d  —  Mp'-  N, 

It     =^     —        U    ^    — ^^  0 

v. yir^  sec /sec/'  secf  co8"-2f'  $'$"  X 

The  quantities  X\  //„  and  /«„  are  only  computed  when 
2/'  is  small  enough  to  proceed  by  that  special  juocess. 
Otherwise,  compute 


,-  V"^'  sec/  sec/'  sec/" 


and 


O'ff'X 


If  there  be  a  previous  hypotliesis,  it  furnishes  the  values 
for  Xw  X'.    For  the  lirst  hypolliesis,  if  there  be  a  previous 

orbit,  maki! 

2(rr"')''-      2;- 
-^  —  — gTa'—  ■        secy  sin/'  sin/" 

ami    A'  the  same  value  multiplied  by  cos''* 2/'.      If  there  be 
no  previous  orbit  or  hypothesis,  make  X  and  A"  —    1. 
Making  now,  for  the  X'  method, 

taui";,  =  y—^  ,    m  =  «i„sinr, 
.»/„  " 

our  eipiation  for  Y  is,  for  ii  positive, 
siii(  )' —  )',)    r=    III  sin'  )■ 
For  II   negative,  we^  have 

sin(l'— 1',)   =   ,,,  sm'>  eos  ■-.')• 
We   have   for  the  first  value  of  y  in  the  trial,   for  a  new 
hypothesis,  the   value  of  V  obtained  in  the  last   hvpoihesis. 
After  finding 
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we  have    /)  =  />„+  y  ,    rr"  cos  2/'  =  jiejWcosec'F 

or         —  xpJ/cos  2  )'  cosec-'  F, 
:iiul  /■  and  /"  hy  the  forinuhis 

r  ^=1  B  sec  p'  sec  J 


tan  ;  =   '— g— 


tanC"  =  jj„  iP+^u") 


If  sec  fJ"  sec  J" 


If  2/' is  too  large  for  us  to  pursue  this  procoss  with  suf- 
ficient approxiuiatiou,  we  put,  as  reniarkeil  al)ove, 

,      tiie  quantities  ?%  )•',  r".  &c., 


■\J  rr"  sccf  sec  f  secf" 


to  be  taken  from  the  last  liypotliesis. 

AVe   have   for  a  first  vaUie  of  f  in  tlie  trial,  if  there  be  a 

[iri'vious  orliit. 

.V,  ■>!■  ,, 

,)   = -^  sec./  sui./    sm./ 

Q      pQ 

The  equation  for  the  trial  is 

'  /' 

in  which  rr"  nnist  be  computed  for  the  assumed  value  of  p  by 
the  formulas  for  tan  f,  tan  C"  above,  which  makes  the  trial 
somewhat  more  laborious. 

For  the  first  value  of  />  in  a  new  hypothesis  assume  it  as 
determined  in  the  last. 

From  p  we  obtain 

y  =  p  —  /)„  and  <•/■"  cos  2/'  =^  eM{i/-  +  )i) 


Ni       e'6"  ...    „._,,., 
O-  20  ^'^"^ 


Having  now  olitaiued  r,  r"  and   2f'  by  one  of  these  trial 
equations,  we  proceed  to  compute    //.  and  from  it  /,  and  )/'. 
First,  for//.     Making   -sjrr"  cos  f  =  /•„  we  have 

r  +  r"  .,  e" 


+  Z  =  4  +  • 


/(  = 


and  )/-  from  h  by  Gauss's  table.  For  the  moderate  values 
of  /'  with  which  we  expect  to  deal,  ^  or  ;  may  practically 
be  neglected. 

x'  r=  -jT, — ?,  positive  for  theellipse,uegativeforthe  hyperbola. 


For /and/"; 

tan  0  =  v-„ 


tan(/— /")  =  tau(i7— 4o°)  tan/' 


For  a;  and  x"     .     Making  p,  =^  X.,  4-  Qit 
x'  — x'" 


-.  .  tan  /■  +  .<•-' 


x"  = 


pt  tan/' 

x'  —  x'-      tan/" 


+  x"- 


/»!  tan/' 
usually,     X-,  x'",  x"-     may  be  neglected. 


Then 


4  Vtan^"/ 


m-  4  y/  j-itanV" 

'/-  ■  3V/^tany'  ■      1— f«" 


Check  :  by  which  either  >,  or  ;,"  may  be  coiiipute(l  fniui  the 
other  if  preferred. 
'("         f>,'  ,\  'i  '/  -I 


From  these  we  obtain      'V,  :=    >■       for  another  hv- 

pothesis. 

,  (to  lie  used  for  the  new  hvpothesis)  =     '  .        ' 
/■'  ^  )•  sin  2/ 

The  formulas  for  the  liistauces      A.  A',  A"  ,  if  desired  at 

the  end  of  any  hypothesis  to  obtain  corrections  to  the  times, 

are,  for  A  and  A", 

A  =  /J  seep'  A"  ^   (.1//)  +  /)  seep" 

, ,      , ,         .              A'  sin  >;■' 
for  A.  cost''    =  cos  .:J    cost/. — L):    sin  «  = -; — 

A'  =  R'  cos  i''  ±  r  cos z. 

There  can  rarely  be  any  anibiguity  in  A',  since  it  must 
usually  be  near  A  and  A". 

If,  however,  we  wish  t<>  remove  all  ambiguity,  we  may 
comi)ute  from  the  plane  itself,  tiy  the  formulas 

P'  =    Q+~  [sin(;."— />")  tanrJcot/'  — sin(/— L")] 

A 

(computed  once  for  all) 

A'  =:  -5^!— „  [/>  +  Pr-'  n 
F/,,  sin  p" 


At  the  end  of  any  hypothesis  in  which  c  and  A',  or  A'' 
show  no  material  improvement,  we  proceed  to  compute  the 
elements. 

For  this  we  first  obtain  the  elements  of  i)osition  of  the 
plane.     We  have  the  values  of  p  and  of     //'  =  Mp  +  1. 

Then         7-cosiicos(/ — L)   =z  p  cos(). — L)  —  R 
r  cosh  sin(? — L)  =  p  sia(J. — L) 
r  sin  ')      =  P  tanp' 
and  similarly  for     r",  !",  h"  .  The  values  of  /■  and 
be  the  same  as  determined  before. 

sin(i'/'  +  6) 


ihoul 


tan[4(r-l-0— ft] 

tan  h 

tan  (   ;= 


sm(b"—b) 
tan  b" 


tan  i  (/"—/) 


siu(/ — Q,)         sm(l" — Q,) 
tan)*  =  tan(/ — Q)secf         tan  ?<"  =:  tan(/" — Q,)  icc  i 

2/'  =   '/'  —  w. 
This  is  a  more  accurate  determination  of    if  than  that 
previously  made,  and  we  will  use  it  to  obtain  the  elements 
of  the  dimensions  of  the  orbit. 

Make,  for  the  ellipse,     siu-^^g''  =^  x' 

Then  tan(45— w)   =^        „ 

Psmi{F'—G')  =  tan  2(a  cos 4 (/'+£/') 
Pcos^{F'—G')  =  sec  2w  sin  ^(/'+.q^') 
Q  sin  ^(F'+G')  =  tan  2oj  cos ^ (/'—(/') 
Qcos^{F'+G')  —  sec  2m  sin  ^(/'— J/') 


N"-  206. 
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/'  iind  Q  liave  the  sign  of  sin  (/  ;  practically  always  positive. 
P  —  RcoHi,<f  Q  =  li  sin  .1  If 

Check  :     7f-  :=  2  -,.r  cos/' 

_  '/"■_, 

R-y/rr''  _   V '•»•'' sin-/' 

sin- J/'  ~  Ji'- 

Wlien  a:'  is  negative,  it  i';ui  lie  iMiulc  :=  — z' ;  and  the 
formulas  for  this  rare  case  may  \>c  found  in  tiie  Theoria 
Mot  us. 

For  V,  v",  E  and  E"  ;  e  =  F'—f  ,  >■"  =  F'  +  f  ; 
E  =  G'  —  (j',     E"  —  G'  +  d'. 

For  ellipsesdeeidedly  differing  from  the  parabola, 
E  —  e  sinE  =  M 
E"  —  e  sin£"=  .]/" 
In  these,  of  course,     e  =   [5.3144'2.")]  sin  c." 
Then  making     u  =  [3.5.50007]  a""'^- 

M  „  M" 

t—T=  t"—r=  — 

/»  f 

fO  z=  u  —  V  ::=  u"  — *;". 
For  ellipses  nearly  parabolic,  we  can  adopt  to  lind   the 
time  of  perihelion,  any  process  that  may  be  preferred;  and 
for  the  rare  ease  of  the  hyperbola,  the  formulas  can  be  ob- 
laincil  in  the  Thporin  Miitus. 


As  an  illustration  of  this  method,  we  will  take  three  ob- 
servations of  Comet  rflSS'J,  taken  from  actual  work.  The 
places  are  not  very  accurate,  the  first  method  of  Gauss  hav- 
ing been  used,  on  the  assumption  that  the  distances  were 
well  enougli  known  ;  but  they  will  illusliatc  Ihe  process 
(•(pially  well. 

We  have  then 
issii  (Jr.  M.T.  ;.  .i 

.hily    8.91G6      ao:!"  1 1)  20  —6° .50  38 

23.7347      ;5.5(;  47    0  —6  54  28 

Aug.  19.682.5     359  23  58  —6  28  17 
From  these  we  have 


107  20  55 
121  27  27 
1  17  17  4  1 


log  n 

0.007165 

.006762 

0.004940 


AT 

4-0.447732 

log<?      .s.7r.i.50() 

log/i      9.965312 

'g  y 

9.400899 

log  c       0.0(13458 

log.B"     9.734506 

\, 

-1-0.474603 

;    _().310.S14 

C  -f- 0.408053 

ig  <(, 

«8.«961N7 

£'  -(-0.782056 

C" +0.84.5894 

ig  /, 

/i.s.,|.-,6172 

i"  —0.901660 

h)g    „       0.260612 

-g  /• 

/(:t.202C.5;i 

log  S'     9.H56o:iI 

log  e'O"  9.2615H4 

For 

the   lii'st   hyiiothesis.  we  assume  fi 

)m  a  previous  par- 

b,.li,' 

irhit,      log  r  = 

=  0.259700,  giving 

log  .)/=       9.819985,                 n  = 

+  0.371456, 

I  =  -f- 0.1 26838.              A'l  = 

-f-0. 086438, 

C"„  =       1 . 

47234,                 .V,  = 

+  1.463482. 

f'..  =  — '>■ 

9:l37.S(l,               (/„  = 

+  2.58272. 

I'or   log   A'  wf  olilaiii   :t. 977801   fiom   the   previous  orbil, 
and  hi'uet' 

log  m„  =  1.343875   ;     and    )',  =  l.t     16' 40". 
The  trial-eipuition  then  is 

sin(  )'— 13     16' 40")   =   [0.7049S5]  sin')' 


This  gives  T=  14°  23' 3"  ,      y  =  yncot  T=  +2.37647. 

and  p  =  1.44269  ;  the  parabolic  orbit  gives    p  =  1.70G. 
From  this  we  have 
log?-    =0.318706.         log /•/' cos  2/' =  0.60296^, 
log  r"  =  0.303995,  2/'  =   17°  8'  28". 

From  these, 

log;/=      0.004390,        /   =  5°  36' 17", 
x'  =  +0.001881,        /"  =  2°  57'  57". 
From  these,  finally,  log  /y  =  0.001 862,  log  »/'  =  0.000.530  ; 
hence,  for  the  next  value  of  r  without  reiluction  of  times, 
we  have  0.2592«0. 

The  reduction  of  times  for  tin-  new  distances  gives  for  the 
dates  : 

July  S.'.)479,  .July  23.7363.  Aug.  19.6844,  the  original 
uncorrected  times  being  July  8.9562,  July  23.7437,  and 
Aug.  19.6906.     We  have  then,  for  the  new  hypothesis, 

Q 

log  r  =  0.259276,  log  ^,  =  0.260608,  log  fl'tf"  =  9.261599. 
u 

And  from  the  present  values  of    >•, /,  &c.,  computing  first 

log  )'=:0.31216.s,     we  have     log  A"  =  9.972205. 

For  the  second  hypothesis,  then,  we  have  : 


N,  =  +0.086490, 
N.,  =   +1.463968, 
(/„  =  +2.58017, 
F„  =   13°22'43".5, 
logm,,  =       1.327002. 


[0.691341]  sin«r 


log  )•  = 

0.319386, 

log  r"  = 

0.303112. 

2/'  = 

17°  3' 53", 

log  »/  = 

0.004392, 

.!■'  = 

+  0.001921, 

log  )■  =       0.259276, 

logJ/=       9.819561, 

I.  =  +0.121161, 

C„"=   +1.46518, 

o„  =  —0.930242, 

H  =   +0.376592, 

The  trial-e(piation  is  then 

sin(}'— 13°  22'  43". 5) 
This  gives 

y=  14°  28' 43",     J/  =   +2.37655,     /.  =   1.44631. 
Hence 

/   =  5°  35'    .5".l. 
/"  =  2°  56'  51".4, 
log/;  =  0.001865. 
log  //'  =  0.000529  ; 
hence  log  r  —  0.259272. 

Kvideiitly  it  is  not  worth  wliile  to  make  a  third  hypothesis. 
From  log /J  =  0.160261  and  log (/»"=.!//)  +  /)  =  0.031717 
we  now  compute  the  \At\i\o  of  the  orbit.     (It  may  be  here 

nolici-d   that    h>g  '      from   the  parabolic  orbit    was    9.9179, 

P 
whereas  its  value  is  from  these  results  9.8715  ;  showing  that 

a  nuich  better  approximation  is  obtained  by  taking  r  instead 
of        for  our  uiikuowu  quantity.) 

These  give  log  c  —  0.319385.     U.g  r*  =  0.303113  ; 
also  Si  =       19°    I'l",  i=        6°1'48'', 

«  =  —52°  22'  29".5  u"  =  —35°  18'40''.0 

lleuee  the  accurate  value  of  2/'  =  IT" 3'  49'.5. 
From  this,  with    r  and  /•",  we  eom|)Ute  x'  accurately  by 
tin-  formula  of  O.vrss  for  /. 
tan-  2(0 
cos/'  cosy 


siu^ 


winch  t;in(4.5 — oj)    =:       I-, 
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We  have     x'  =  +0.00192061,  which  gives 
loge  =  9.702387  ,  logo  =  0.603853    ,  o.  =  337°  40' 8", 
T  =  Sept.  l!l.0.')92  G.M.T.,  and  llif  |)i;iioil  2940  days. 
Till'  iniddlc  placi'  gives.    (O — C)  : 

j;.  =  —1"  J|3  =  0" 

For  an  cxriiniilc  of  the  parabolic  foi miliar^,  «(.■  will  take 
three  observations  of  Cometh  1889,  made  at  Mt.  llaniilloii. 

Reduced  to  latitude  and  longitude,  1889.0,  and  corrected 
for  aberration,  we  have 


2/' 


215°    6' 32", 

219°  11' 56", 

4°    5'  24". 


Greenw.  M.!'. 

K 

,i                /,            log  i; 

April   16.<;703 

78     8  13 

—7  22  31     27  20    9     0.001930 

21.t;7-l.S 

77  42    8 

—7  29  42     32  12  57       .002.531 

2t3.(;s.l.s 

77  22  r>9 

—7  37  11      37    .-.  21     0.003115 

Assnniiii"; 

N        a 

,   we  have  for  log  ^f.  O.IIl'I.-.CII, 

log  c  = 

0.333556, 

log  n  =       9.679185, 

log  e  = 

0.007419, 

log  i  =       7.5635, 

;/-'  =^ 

0.029258, 

d  =  —3.0388, 

p^  =   +0.(!70040, 

\og-2d'-=       8.77345. 

Putting  first  k*!*,  =  20"  and  solving  approximately, 
we  have  log  sec/'  —  0.00028  and  log  A'  =  0.00024  ; 
these  values  can  be  used  for  the  complete  solution. 

For  Xk-'/-„  :=  26'-,  we  have  p  =  2.73(;4.  From  this  we 
obtain 

log  )■    =  0.3.W820. 
log  r"  =  0.353550, 
Si    =312°  32'  41". 
/    —  164°  15'    2". 
Hence     V  =  —10°  25'  19", 
r"—  —  6°  19' 5.5", 
These  elements    represent   the  middle   place  as  follows, 
(O-C)  : 

j;.  =  +5"  J^  =  0" 

The  times  have  not  been  corrected  for  planetary  aberra- 
tion :  but  this  is  unnecessary,  as  our  only  object  is  to  show 
the  working  of  the  method. 

If  ;,'  is  computed  by  the  formulas  of  Gauss,  it  may  be  well 
to  substitute  for  the  table  giving  log . »/.'/  for  argument  /i,  one 
giving  h  —  log  yy,  as  the  differences  for  this  table  are  smaller, 
and  the  interpolation  easier.  Such  a  table  is  of  course  very 
easilv  constructed. 


log  7  =  0.352222, 
lid   T  =  May  12.0495. 


ELEMENTS   AND   EPHEMERIS   OF   COMET/ 1889, 

By  Hev.  GEORGE  M.  SEARLE. 


I  have  computed,  by  the  portion  of  the  above  method 
adapted  to  the  case  of  a  parabolic  orbit,  the  following  ele- 
ments for  comet  / 1889  (Swift)  from  two  observations, 
November  18  and  22,  kindly  furnished  by  Mi'.  Wknuell, 
(by  permission  of  Prof.  Pickekini;  of  Harvard  College  Ob- 
servatory), together  with  one  of  November  20  telegraphed 
from  Mt.  Hamilton. 

T  =  1889  Dec.  1.6136  Gr.  M.T. 

Q,  =  324°  48'  54") 

<«  =     74    17    48    [■  1889.0 

i  =     10    58    14   j 
logg  =  0.155149 

Middle  place  (O— C)       j;.  =  -f-28",      Jp'  =  —3" 


The  small  inclination  gives  considerable  probability  of 
periodicity  ;  the  sign  of  the  discordance  for  the  middle  place 
also  seems  to  point  the  same  way. 

These  elements  give  the  following  epheineris  for  Green- 
wich midnight,  18.S9.0. 


1SS9 


A  pp. 


App.8 


log  A 


Br. 


ov.  26 

23     3     3 

+  14   28.4 

9.8979 

0.96 

30 

13  25 

15  40.3 

.9041 

.94 

ec.      4 

24  28 

16  51.9 

.9110 

.91 

8 

36     9 

18     3.4 

.9188 

.87 

12 

23  48  25 

19    14.0 

.9274 

.83 

16 

0     1   13 

+  20  22.8 

9.9368 

0.79 

OBSERVATIONS   OF   COMET  c2  1889, 

MADK    AT    THE    U.S.    NAVAI.    OBSEllVATORT    WITH    THE    9.fi-INClI    EQUATOKIAI 

By  Prop.  E.  FRISBY. 


Sfl  WasliiiiKtonM.T. 


Nov.  16  8  56  56.2 
19  7  56  16.1 


No. 
Co  111  p. 


^- 


a^'n  ai)pareut 


logpA 


Ja 


./8 


20  ,  4       —0  35.22        —0  31.0       23  48  32.73      —0  30  45.7 
19  ,  4       —0     6.32        +3     8.1       23  50  41.45      —0     4  46.4 

Mean  Places  for  1889.0  of  Comjmrison-Stars. 

Red.  to  cv  Red.  to 

app.  place  app.  plact 


9.030 
7.709 


0.746 
0.743 


.Avithoritv 


23  49     5,72 
23  50  45.47 


+  2.23  —0  30  29.6 

+  2.20  —0     8     9.2 


+  14.9 
+  14.7 


J-(Yarnall  +  Grant) 
Rflmker  11772 
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Tlie  oi'bit  of  Swikt'-s  comet  (1880T')  is  a  very  critical  oue 
wlieu  computed  from  the  three  observations  used  iu  this 
paper.  During  the  period  between  the  two  extreme  dates 
the  comet  remained  near  oppo.sition,  moving  almost  parallel 
with  the  earth,  and  at  a  distance  from  it  of  from  twelve  to 
(ifteen  million  of  miles. 

In  computing  tliis  orbit,  we  iiave  pursued  the  plan  of  cal- 
culating the  elliptic  elements  directly  from  the  observations 
witiiout  the  iiid  of  a  preliminary  parabolic  orbit  or  any 
previous  deterniiuation  of  the  comet's  licliocentric  distance 
and  motion.  Evidently  this  affords  a  more  severe  test  of 
the  efticicncy  of  tlie  method. 

The  motion  between  the  three  i)ositions  is  expressed  in 
terms  including  the  fourth  powers  of  the  time  ;  and  there- 
fore the  constants  iu  the  fundamental  equation  connecting 
the  heliocentric  and  geocentric  distances  of  the  comet  are 
dctermiiie(l  with  great  accuracy.  In  (i^uss's  method  tlie 
corresponding  motion  is  exi)ressed  in  terms  including  noth- 
ing iieyond  tlie  second  powers  of  the  time.  In  employ- 
ing Oi'i'oi.zKu'.s  method  we  have  found  tiiat  the  constants 
of  the  fundamental  e<iuation  are  not  determined  with  suf- 
ficient precision  to  enable  us  to  obtain  a  solution  directly 
from  these  observations.  It  should  be  said  that,  in  general, 
on   accouDt  of   this    accurate   method    of  obtaining   these 


constants  iu  (Jibbs's  fundamental  equation,  the  successive 
hypotheses  will  give  better  results  than  are  obtained  at  cor- 
responding stages  of  the  work  by  the  methods  of  Gaiss  and 
OiM'oi.zEU.  The  labor  also  of  preparing  the  fundamental 
equation  for  solution  is  much  less  in  Gibbs's  methwl  than  in 
either  of  the  two  others. 

Again,  the  formulas  for  the  correction  of  the  assumed 
values,  in  the  successive  approximations  in  each  hypothesis, 
include  terms  of  a  higher  order  than  are  retained  by  Gauss 
or  Oi'POLZKR,  and  couseipiently  the  convergence  in  these 
approximations  is  more  rapid. 

Anotlier  feature  of  Gibbs's  method  which  deserves  special 
mention,  is  the  great  simplicity  which  characterizes  the  de- 
velopment of  the  fundamental  equation.  The  various  artifices 
employed  in  the  solution  in  no  way  obscure  the  essential 
features  of  the  theory. 

TllK    KlNllAMKXTAL    EvlATIOS. 

The  motion  between  the  three  given  positions  of  a  comet 
may  be  expressed  with  a  high  degree  of  accuracy  by  an 
equation  of  the  form 

Ji  =  A  +  Ht  +  Ct-  +  Dt^  +  Ez' 

where  jB  denotes  a  vectorf  drawn  from  the  sun  to  any  given 


'Mfmiiim  of  the  Xnlional  Acdileiiiij,  Vol.  IV,  p.  SI  tl". 

fl'he  folltiwlii;;  note  is  taken  from  Mrm.  \(il.  Acad..  Vol.  IV,  paiies  .•<1  niul  S2  : 

Vectors,  or  diivctej  iiiuintilies,  will  be  rfpresi-iitod  in  tins  paper  by  Oermaii  capitals,  'riie  following:  notatious  will  lie  used  Iu  connet- 
lloii  with  tliem. 

The  sign  =  denotes  identity  in  direction  as  well  as  length. 

The  siiin  -|-  ilenotes  geoniotrical  addition,  or  what  is  t-alled  composition  iu  ineclmnics. 

The  siKii  —  denotes  reversal  of  direction,  or  conipositioii  after  reversal. 

The  notation  H  "  i^  denotes  the  product  of  the  lengths  of  the  vectors  and  the  cosine  of  the  ttuglc  whieli  they  Include.  It  will  Iw  calUil 
the  iliriri  iiriidiiri  nf  "Jl  and  'i*.     If  x.  ij.  :  arc  the  rectangular  conipoueut.s  of  '?l,  and  x'.  >i'.  :'  tlm.se  of  'i*. 

-.?l  •  ^i<  =  xr'  4-  .vy'  +  i-'. 

■^H  ■  ",'1  may  be  written  'Jl'  and  called  the  square  of  "'I- 

The  notation  "Jl  X  i<  will  be  used  to  denote  a  vector  of  whiMi  the  leuglli  is  the  product  of  the  lengths  of  :H  and  'i^  and  the  sine  of  the 
angle  which  they  include.  Its  direction  Is  perpendicular  to  'il  and  'iV  and  on  that  side  on  which  a  rotation  from  ^l  to  '.I*  appears,  counter- 
clock-wise.     It  will  be  called  the  Kkeir  proilurl  of  'Jl  ami  'iV     If  the  rectangular  components  of  ^l  and  'i'  are  z.  y,  t.  and  .r',  ;/'.  r".  those  of 

-.'I  X  '-i^  will  bo 

yi'  —  zy',  zjr'  —  t;',  zy'  —  yz'. 
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position  of  the  comet  (r  ■will  be  used  to  di'iiolc  tlic  Iciiiiili  of 
tliis  vector)  A,  B,  C,  D,  E,  vector  constants,  unil  r  the  in- 
terval of  time  between  two  successive  positions  of  the  comet 
multiplied  by  k,  the  attiaetive  force  of  the  sun. 

The  actual  motion  rigorously  satisfies  six  conditions.  If 
we  put  m  succession  t  :=  — r^, ,  o  ,  t,  and  Jt  =  7i, ,  Jt.j ,  Jx',. 
and  again  for  the  same  values  of  t 

d'ii  _  _ii,    _  Jl.    _  E^ 

(It  r\  '         r\,  '         ?•■', 

we  obtain  six  equations,  from  which  the  five  constants 
A,  B,  (7,  D,  E  may  be  eliminated,  leaving  a  single  equation 
of  the  form 

/         7i  \  /         li\  /         n\ 

:   0 


■^1+  I":! 
Bx  =  tV(— n  +  T,T:;  +  T^;)  B,  =  TV(n  +  ;5r,T,  +  T.,) 

Equation  (1)  is  called  the  fundamental  equation,  and 
signifies  that  the  three  vectors  7i],  7^o,  -B3,  lie  in  one  (ilane, 
and  that  the  three  triangles,  determined  each  by  a  pair  of 
these  vectors,  and  ordinarily  denoted  by  [?".,r,] ,  [j",/'.] ,  ['V'-] 
are  proportional  to  their  coelKcieuts. 

Let  E^  E.,  E.,  represent  vectors  drawn  from  the  sun  to  the 
earth  (observatory) . 
7^1  T''.,  F.,  unit  vectors  drawn  in  the  direction    of  the 

comet  as  observed. 
Pi  p.,  p..  the  distances  of  the  comet  from  the  places  of 
observation. 
We  have  then 

Jij  —  Ei  +  pi  F,         R.,=  E.,  +  p.  F,         E,  =  E..  +  p„  F. 
Substituting  these  values,  the  fundamental   equation  be- 
comes 


+  A. 


1+^^ 


(A',  +  Pai^.)     =     0 


From  these  vectoi-e(iiiations  the   values  of    r^r„r..;    and 
p,  p.,  p.,    may  be  derived  by  successive  approximation. 


Ohsekvation!^ 


-  WasiiiS(;to\'  Tuans 
18H0.0 


Wasliiiintoii  .M.T. 

1880  Oct.  2.5.313242 
38.315808 
51.377642 


28  28  31.4 
42  25  29.7 
54  20  57.3 


327  31    17.2 

341    15   35.5 

16  23     9.4 

These  observations  are  corrected  for  precession,  nutation 
and  aberration  of  fixed  stars  ;  hut  the  limes  are  not  corrected 
for  aberration. 

I'lIKI.IMINAKV    C'aI.i  LI-ATIONS    HkI.ATINi;    TO    THK    Tl.MK- 

Intekvai.s. 

log/.-    8.2355814  (after  Gauss) 

log  Ti  =  9.3515856  log  t,  =  9.3496105 

log  .1,  =  9.6999565  log  4,  =  9.69798U 

log73,  =  7.6180465    logjB,  =  8.3209867    log  fi,  =  7.6259472 

Control        A,  B^  +  B„  +  ^,  7?.,  =   A  ^i-r., 

Pkeliminary  Cahi  latio.ns  Relating  to  the  Positions  of 
THE  Earth  and  Comet. 

Components  of  £■,  So  E.^ 

logA'i    9.9208294   1    log  A'.,   9.8373872  ,  log  AT^  9.7040607 

log  I'l    9.(;956173  i    log  T.,   9.8153054  I  log  7,  9.8909060 

log  Z,    9.3330498  '    log  Z,    9.4527117  !  log  Z,  9.5282969 

Components  of  jP,  F.,  F^, 
log  S,     9.8701325 
log  /„  h9. 6739610 
log  ?i     9.6783191 

For  each  of  the  three  observations  we  have 

E'  =  X-+  r-  -I-  z-      eJf  —  A',-  +  Y,,  +  z: 

if  —  E-—{E.F) 
In  the  last  equation  p  is  the  perpendicular  from  the  sun 


log  --.. 

9.8444950 

log  ?3 

9.7475436 

log  ,,, 

)i9. 3  750.306 

log  ',3 

9.2159641 

logtj 

9.8290614 

log  t., 

9.9098687 

The  notation  (3l'J?(5)  denotes  the  volume  of  the  parallelopiped  of  which  three  edges  are  obtained  by  laying  oft"  the  vectors  51,  ^,  and 
(i  from  any  same  point,  which  volume  is  to  be  taken  positively  or  negatively,  according  as  the  vector  (i  falls  on  the  side  of  the  plane  con- 
taining 51  and  S,  on  which  a  rotation  from  51  to  i*  appears  couuter-clock-wise,  or  on  the  other  side.  If  the  rectangular  components  of 
51,  S,  and  (i  are  x,y,z\  x',  y',  z' ;  and  x",  y" ,  z" , 


(515^G)  : 

It  follows,  from  the  above  definitions,  that  for  any  vectors  51,  3?,  and  (i 
51  ■  33  =  53  •  51,  51  X  53  =  —  53  X  51,  (51iBli)  =  (53t?5l) 


((£-1(5^)  =  —  (5Hi53) 


(ti-M) 


(5^5lCi), 


(51332)  =  51  •  (i^XCS)  =  53  •  (tSX50  =  li  •  (51X5^)  : 
also  that  51  "  53.  51  X  53,  are  distributive  functions  of  51  and  5^,  and  (5l5^li)  a  distributive  function  of  51,  i*,  and  li.  for  example,  that  if 
%  ■=t  +  '?3i, 

51-53  =  V-  53  +  llf  i^  51  X  53  =  V  X  5<  +  -I'c  X  -iS  (5l5<(£)  =  (V5^li)  +  (■:\ti53li), 

and  so  for  53  and  Ci. 

The  notation  (5(53(S)  is  identical  with  that  of  Lagraxoe  in  the  Meraniqni-  Analytique,  except  that  there  its  use  is  limited  to  unit 
vectors.  The  signification  of  51  X  53  is  closely  related  to,  but  not  identical  with,  that  of  the  notation  [c,!.]  commonly  used  to  denote 
the  double  area  of  a  triangle  determined  by  two  positions  in  an  orbit. 
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on  tlie  line  of  sight.     We  shall  represent  also  bj'  q  the  dis- 
tance of  tlie  comet  from  the  foot  of  this  perpendicular. 


log  ^-,   9.9943188 
log.Bii^79-68'0106 
log^r,     9.8752929 
AV'e  shuU  also  have 

ri   ^   p+  (E.  F) 
Equation  ( 1 )  may  be  written 
^,  +  S..+'S.,  =  0 


log£-,  9.9914549  I  log  £-,    9.9889723 
log£„K9. 7135182     losA\2^,  9.8357180 


logp-^,     9.8532073  I  log  ;A      9.7038442 

'•'■'  =  P'  +  r 
where 


5,  =  .l/l  +  ^^M+P,  /■)  x.  =  -('l-J)(^.+P.^2) 


Since  equation  (1)  is  not  rigorously  satisfied  by  the  as- 
sumed values  of  the  unknown  quantities,  let  us  put 

s  =  S^  +  S,  +  s,, 

AV'hen  e(iuation  ( 1  )   is  satisfied  S  becomes  zero.     Differ- 
entiating, 

ds  =:  s'diji  +  s"-  dq..  +  S"'dfj.  (2) 

where        s'  =  ^^   =  A/l  +  ^)r,-A.^-^Wl:,+prF) 
dq,  \       r\J  r\  r\         '^      } 

S"  and  S"'  may  be  expressed  in  a  similar  form. 


KlJUATIONS    OK   TUB    FlKST    HVPOTHESIS. 

{    «,  =  A,;,(\+  Ii,)(q^+  -^—(^'E,.Fi))  =  [  9.5700890]  (1 -f-7i',)  ('y,-l-0. 6374005) 
\  '1  / 

Components  of  6',  -i    p',  =  yl,  ;„(1 -f  i?,)[  Vi+      '—{i\-F,)j  =  [»(9.3739135](1 +7?,)  (f/,— 1.5375496) 

\         'it  I 

[  r,  =  .4,r,(l-|-«i)(^7,+'^'-(AV^,))  ==  [  9.3782756]  (1 -I- «,)(ry -0.0348441) 

[7.6180465]r7- 


wliere         9,  =  p,  -I-  e,.  t\  =  p,+  .4864199         r,-  =  7,-  +  j}''  =  ?,'  +  .7504001 
For  control  Sf  =:  k,"  +  p',-  -|-  ;■,-  =  ^,-(l-|-7i,)-V,- 


7?,  =  B,rr- 


i   a    =  ^1,  i,  -f-  .4,  ?,  7i,  —  P'a'  ==       0.37161 14  -|-  [  9.5700890]  7i*,  —  Fa, 

Components  of  s'  \  i^'    =  Jj  ;„  -I-  ^i  )„  72,  —  7*^'  —  —0.2365470  +  [«9. 37391 75]  It,  —  7*^, 

(  ; '   =  A,  r,  +  A,  r,  li,  —  P"-/  =       0.2389327  -|-  [  9.3782756]  li,  -  7*j', 


wliei' 


7" 


37?,r/, 


—l,{l—Ii.j)fqj+'^'  —  (K,.F-2)^  —  [  9.84449.J0](1— 7?,,)(<y,-(-0.4667338) 

—ir,{^—R,j(q,+  y'—{E..F,)\  =  [  9.3750306](  l—7i',)  (7,— 3.273005) 

[  -A'  =  —C'{'l—Jij)((h+J^—(£:,-F/))  =  Ch9.8290614](1— 7.',,) (9j— 0.096645) 
where     7,  =  f,..  +  {i>...F.,)   =  p.,  +  .5170330         >v  =  q.f  +  q.r  =  q.r  +  .7131934       7?.,  =  71  rr-^  =   [8.3209867]  ,-~- 


Components  of  S-: 


For  control 


.s.;-  =  «,-  -I-  fJ/  +  ;v  =  {i—lLyr.r- 


where 


(  tt"  =  — --,+  ,-..7^.. -f-  PV.  =  —0.6990287  -t-  [  9.8444950]  7?.  -|-  P"iu 
Components  of  s"  -!  p"'   =  — i-,  -(-  v -??•>  +  /">'■■  =       0.2371541  -I-  [7i9. 3750306]  7/.,  +  P"d. 
-    ■    -    'L  +  P'^-  - -  - '   •    -"  ■ 


(  ;■"    =  —C,  +  ':',]{,  +  P'%  =  —0.6746234  -*-  [  9.S290614]  7?,  -I-  P% 

r„  _ 


rt,  =  ^l.,f,(l  +  «,)r7a+T^— («.-/^,))  =   [9. 44552.-.0](l-(-7^,)(7, -1-0.2196827) 
C(.mponeiits  of  .V,  ■{  ,i,  =  .^1, '«(' +-^h)(  7,,+  —  —(£■„.:?•,)  J  =   [8.9139455](1 -l- 7f,)(7, -(-4.0458360) 
[^  ;•:.  =  -l.i--.(l  +  A',)U,4-^- —  (£•„.;?■,)  j  =   [9.607S501](1 -(-/?,,)-( 7n— 0.2696800) 
wheiv     7,  =  p.  -I-  (£:,./.!,)   ;=  p., -I-  .6850433         rr  =  qi -\-  y,^  =  5,-' -I-  .5tl56433         R,  =   B.rr'  [7.6259472]  1-7' 

l'"o|-  contiol  8.S    =    rt.2  -(- ^^a  ^.  j.^:   —    J,,J^  1 -(- /f  ,)V,-' 


Couip,,, 


(  ,«.'"=  /l,f, -f  /l,,-,7;,  — 7*'V,  =  0.2789491  +  [9.4455250]  7.',—  /""«, 

i.iitsof  .s'"- hr'   =  .'l.,T,,-l-,4,v.^^i— •'""A   =  0.0820249 -(-  f.S. 9139455]  7f,—  /"",i, 

(j'"'   =  4,-,  +  .■l,,C,7e,— T^'V,  =  0.4053686  +  [9.6078501]  li  —  /""j-, 


whert 


(l  +  ^:>)'-V' 
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We   will   now   assume,    as   a   liisl    a|ii)r()xiiiiati<)ii,    for  the    '  tli(!   nuinlicrs   in    the   lirst   colniuii    of   each  (»f  the   following 


tlistaiK'i's  from  the  earth  to  the  comet  at   the  three  times  of 
observation 

Pi  =  Pi  ^=  Ps  ^  0.25 
iiiul,  siihstittitiiifi  in  the  several  equations  above,  we  ol)tain 


tables. 

From  the  obscrveil  positions  ami  motion  of  the  comet,  we 
siiould  be  warranteil  in  assnminjr  a  nuicli  smaller  vabie.  which 
wonlil  make  the  approximation  more  rapid. 


A  7, 

=  Ap, 

— 0.().S9() 

—0.00360 

0.002325 

—0.000094 

Pi 

0.250 

0.1610 

.15740 

.159725 

.159361 

?i 

.73642 

.647420 

.643820 

.6461449 

.6460509 

'•r 

1.29272 

1.169552 

1.164904 

1.1679033 

1.1677818 

Hi 

.00282 

.003281 

.003301 

.0032880 

.0032885 

logP- 

7.68231 

7.736776 

«i 

0.51198 

0.4  79020 

0.177688 

0.4785481 

p^ 

.19004 

.211249 

.212107 

.2115528 

/-I 

.16811 

.146845 

.145985 

.1465400 

log  a' 

9.56844 

9.568474 

log(J' 

>i9.37681 

«9.377461 

log  y' 

9.37803 

9.378262 

Ap, 

—0.1229 

0.00432 

0.001518 

—0.000072 

Pj 

0.2.50 

.1271 

.13142 

.132938 

.132866 

q-2 

.76703 

.644133 

.648453 

.6499710 

.6498990 

»•'-'., 

1.30152 

1.128101 

1.133684 

1.1356557 

1.1355620 

A*: 

.01410 

.017477 

.017348 

.0173028 

.0173050 

log  P" 

8.40297 

8.481357 

«., 

—0.85026 

—0.762955 

—0.766025 

—0.7671018 

^■^ 

—  0.58592 

—0.612551   ■ 

—0.611626 

—0.6112996 

72 

—0.44588 

—0.362892 

—0.365804 

—0.3668277 

log  a" 

;(,9. 85167 

719.851324 

log  §" 

9.34042 

9.331450 

logr" 

n9. 83020 

?i9. 828661 

^Ps 

—0.1314 

0.00632 

0.001318 

—0.000064 

Ps 

0.250 

.1186 

.12492 

.126238 

.126174 

93 

.93504 

.803643 

.809963 

..s  iris  13 

.8112173 

r% 

1.37994 

1.151485 

1.161683 

l.li;:;s207 

1.1637167 

E, 

.00261 

.003420 

.003375 

.0033660 

.0033665 

pw 

7.72312 

7.847349 

«3 

0.32295 

0.286432 

0.288189 

0.2885545 

h 

0.40962 

0.399139 

0.399642 

0.3997454 

72 

0.27042 

0.217192 

0.219753 

0.2202872 

log  a'" 

9.44400 

9.443830 

logr 

8.90347 

8.900311 

log  y '" 

9.60746 

9.607659 

To  ot)tain    Scj,     the  correction  of  the  geocentric  distance,  we  apply  eipiation  (2)  to  these  finite  dift'ereuces,  and  have 
approximate!}' 

—  5  =   S'  Aq^  +  S"  Aq,  +  S '"  Aq, 

s.s"'xs' 


whence 


Put 


Ag,= 


~-s'.s"xs" 


Aq,  = 


S-  S   X  s" 


s-sxs' 

-^9l    =    ~f    -11 — =777 


Compouents  of  .S' 
a  =  «,  +  «.,  +  «3 

P'      =    Pi   +  (^2  +  ft 

;■•  =  7i  +  72  +  ?'3 

G 


Components  of  S"XS"' 
«,  =  ti"y"'-ffS"' 
b,  =  fa'"  —  u'Y' 
Cj  =  u"ji"'  —  .y'n'" 

S' .  S"XS"'  =  «,«'+  6,p"  +  Ci" 


Components  of  S"'XS' 
('-.,  =  ^'"r'—y"'^' 
b.,  =  ;■'"«'  —  «'";■' 
'-'.,  =   a"'fi'  —  jS"'«' 


Components  of  fi'y.  S" 

'-/'  —  •A 


H  / 


b:-  =  ;■'«  - 

C,.     =    rt'^i"- 

r=   a.,a"  +  h-.y  +  c.;/'  =  um'"  +  b.^'"  +  c'ry"' 


-  tt'y" 
-li'a" 
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In  the  case  of  a  critical  oiliil  like  the  present  one.  more  complete  values  would  be  obtained  from  equation  (3)  bv  add- 
ing teiiiis  involving  second  ditTi'iontial  coellicients  according  to  Taylor's  theorem.     This  will  give  approximately, 

M-,  =   C,  —  -,''aL{Sq,y  Aj,  =   C,  —  -,e„L{J>Lq,y  Aq,  =   C,  —  -^„L(Sq,y- 


^  =  L(-f)(-S-|f(-f) 

COKKFXTION     OF     GeOCENTHIC      DISTANCES       KOk     THE      SeCOND 
AlTKOXlMATIOX. 

From  the  values  of  u\  fi',  &c.,  in  the  first  eohimu  of  each 
of  the  above  tables,  we  obtain 

logo,  9.15488  log  a,,  9.06282  log  «,,  9.03653 
logfci  8.99917  log  6.,  8.92197  log  t.  8.90685 
log  c,  7(9.07106  log  c,  h8. 98152  log  r.  ji8. 94528 


//  =  r.,.  ;y '"  XS'  =  a.^..  +  hj,..  +  r,,r. 

The  three  components  of  the  residual  ,S'  are 
ic  =  —0.01533         fi  =  0.01374         y  =  —0.00735 
Krom  these,  with  the  numbers  last  computed,  we  find 
C,  =  —0.0475982     C.>  —  —0.0815662      C,  =  —0.0900285 
We  also  compute 

log  //       »(7. 56632  log  L       0.65919 

Heuce 


We  obtain  three  values  of  G  nearly  identical.     Adopting      -^^2  =  —0.1229  A^r,  —  —0.0890  Ay,  =  —0.1314 

the  mean  we  write  With  these  three  values  of  Ay  we  comraence  the  second 

log  G     0.9964  7.  ,   column  in  each  of  tlie  preceding  tables. 

(^Continued  in  the  next  numher.) 


MADE    AT    THE    U ,1 


OBSP:KyATIO:N^S  of  comet  rfJSSi)  [Jsuook.s, 

;tei>  obsekvatorv,  I'IUXCETox,  x.  .t.,  with  the  23-ixcii  echatohial  axii 
Uv  PitOF.  C.  A.  YOUNG  AXD  1).  C.  iMILLKU. 
[Communicated  by  Profe.<!Sor.  Youxg.] 


Jul;/  G), 
tie  SCifAKE-nAl!   micicometer. 


188!) 
£astern  Standard  Time. 

3|C 

No. 

#- 

-* 

^'s  apparent 

log  PA 

Obs. 

G.M.T.— 5I' 

Comp. 

Ja 

1       z/8 

{        s 

for  a 

for  d 

Nov 

14     9   10     6 

1 

9 

— 1"'58.'56 

+5  39.6 

23"47"'l3'.95     — 0°47'57''9 

9.07.54 

0.7598 

Y    ' 

9  49     5 

1 

6 

—1   57.84 

+5  55.4 

23  47  15.67     —0  47  42.1 

9.2794 

0.7609 

l\f 

15     7  26  24 

2 

13 

— 1    17.55 

—9  57.7 

23  47  50.51      —0  40  10.6 

((8.8805 

0.7590 

Y 

8  15     0 

2 

11 

—1    16.83 

—9  40.7 

23  47  51.23     —0  39  53.6 

8.2720 

0.7589     M 

16     7  25  23 

2 

10 

—0  37.78 

—1   18.8 

23  48  30.26     —0  31  31.8 

((8.8544 

0.7577     M 

7  59     7 

0 

10 

—0  36.62 

—  I     5.5 

23  48  31.42     —0  31   18.5 

((7.7675 

0.7575     M 

8  22  27 

0 

'•> 

—0  35.84 

—0  54.1 

23  48  32.20  |  —0  31      7.1 

8.5995 

0.7575     M   ; 

23     8  40  21 

3 

7 

—0  23.45 

+  3  20.9 

23  53  57.82  ,    +0  31   51.7 

H9.0fiS 

0.748       M 

8  58   15 

3 

8 

—0  22.88 

+  3  27.4 

23  53  58.39 

+  0  31   5M.2 

(9.177 

0.748       M 

9  20  21 

3 

10 

—0  21.97 

+  3  38.0 

23  53  59.30 

+  0  32     8..S    ! 

(9.280 

0.749      ]sr 

25     8  46     9 

4 

0 

+  1   10.22 

+  7  38.1 

23  55  43.91 

+  0  50  41.9    1 

(9.144 

0.747       M 

9  54  38 

4 

6 

+  1   18.76 

+  8     8.2 

23  55  46.45 

+  0  51    12.0 

(9.412 

0.747       M 

26     7  12  52 

0 

10 

—1  24.31 

+  1   20.1 

23  06  35.68 

+0  59  38.9 

8.543 

0.744    1  M 

Mean  Places  for  1889.0 

of  Comparison- Stars. 

* 

Ued.  to                       o 
app.  place                  O 

U&.\.  to 

a 

app.  place. 

Autliiiritv 

1 

23  49  10.21 

+2!30          — 0°.53'52"8      1 

+  15.3 

Yarnall  10847 

2 

23  49     5.81 

+  2.25           —0  30  28.1      1 

+  15.2 

,V(Yarnall  10846  +  C;r.  9  vr.  1.S72) 

3 

23  .54  19.08 

+  2.19           +u  28   16.3 

+  14.4 

Yarnall  10895       [Vol.  LXIII,  p.  87 

4 

23  54  25.51 

+  2.18           +0  42  49.3 

+  14.5 

Vienna  Merid.  Observ.,  Ast.  Nwhr. 

5 

23  57  57.79 

+  2.20           +0  58     4.4 

+  14.4 

Yarnsdl  1.0926 

Tlic  above  places  are  correctwl  for  proper  iiuitioii,  histriuneiitnl 
iiTiirs  ami  refraelloii.  hut  not  foraherrnlioii  or  pnrnllax.  The  |)o\ver 
used  was  110.  On  Nov.  II  hotli  oliservers  saw  the  eoiupinilon-eomot, 
about  .'i'  from  the  prineipnl  eoinet,  at  a  position-aii-fle  of  lielween  .'iii ' 
and  (in  .  11  was  still  belter  seen  on  the  l.'.tli  by  Mr.  Mii.i.ek,  Imt 
not  <|uitc  well  cnou^li  to  athnit  of  "l)serviillon  on  the  liars.      The 

Princeton,  N.J.,  1889  Der.  7. 


ninln  eomet  was  decidedly  elon^atod  by  n  .short  brush  I ',.'  in  lcn"tli 
direeted  nearly  toward  the  eonipnnion. 

The  eoniet  was  easily  observable  on  all  the  last  tlin-t-  niibt-i. 
Kxeept  that  on  Nov.  2.".,  the  observations  were  souiewlmi  iiit.rf.n'd 
with  by  llyhi!;  clouds.  On  aceouiit  of  hail  weather  and  nioonlii,'lit 
it  has  not  been  possllile  to  obtain  oilier  obs<Tv«tions  up  to  date. 
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OIJSEin  ATIO.NS  OF  SOME 

By  1{i:v.  JOHN  ti.  UAGEN, 
I.  Lid.  2r)<lX0  =  M''.|2"'.7  +(i°28'.!l  (IKTi'i.O).  This 
star  is  oue  of  tiie  list  imblisliecl  in  Vol.  XIV  of  the  Annals 
of  Harvard  College  Oliscrvatory,  \>.  476,  and  marked  II. P. 
2475.  I  continued  tlie  observations  for  four  j-ears  more, 
usinii  the  same  comparison-stars  and  the  same  scale  as  in 
Tahle  LVIl  of  the  above  imblication,  with  the  negative  re- 
sult that  there  is  no  proof  of  variation  between  the  years 
1884-1S89.  In  fact  Hi  observations,  made  with  a  large 
opera-glass  during  1884,  constantly  give  its  magnitude  (j.8 
and  6.i>,  wiiilst  a  smaller  glass  which  I  used  during  the  fol- 
lowing four  years  give  a  slight  variation  of  magnitude,  due, 
however,  as  I  certified,  to  the  position-angle  of  tlie  constel- 
lation, the  star  appearing  fainter  during  si)riug  in  the  east 
and  brighter  during  autumn  in  the  west.  There  are  on  an 
average  15  observations  a  year,  and  taking  the  mean  of  the 
last  4  years  by  months  we  have,  with  an  extreme  range  of 
less  than  0.2  of  a  magnitude  : 

March,  3  comparisons,  magnitude  ().80 
April.     7  "  '•  6.83 

IMay.     17  "  "  6.80 

June.    12  "  •'  6.70 


SUSPECTKI)   \  AKlAliLES, 

>.J. ,  Gkohgktow.n  Coi.i.Koi;. 

July,      8  comparisons,  magnitud'o  6.66 

Aug.,   10  "  "  6.65 

Sept..     I  "  "  6.70 

11.  In  tin;  year  ISSC  I  compared  a  portion  of  tiie  Milky 
Way  with  Ai!(;Ei.ANi»i:it's  charts  according  to  a  plan  proposed 
by  Prof.  PiCKKKixt;  in  an  article  "  Variable  Stars  of  Short 
Period  {Proc.  Amer.  Acad.,  Vol.  XVI),  which  showed  that 
the  variable  stars  of  the  fJ  Lyrae  tj'pe  are  arranged  in  a  great 
circle  whose  pole  is  13'',  -f  20°  with  an  average  deviation  of 
not  more  than  5°.  Three  stars  were  found  that  showed 
rather  a  large  difference  from  the  DM.  magnitudes  and  were 
watclied  from  1886  to  1889.  Althougii  no  variation  was 
noticed  during  these  three  years,  the  fact  that  they  diffei 
from  the  I3onn  DM.  may  be  worth  putting  on  record. 

The  following  means  were  deduced  from  the  DM.  magni- 
tudes of  neighboring  stars  with  the  mean  deviation  of  the 
single  observations  : 


DM.  55.2587, 
DM.  44.3368, 
DM.  44.3402, 


mean  of  10  obs 


=  7.8  ±0.1  ; 
=  7.6  ±0.1  : 
=   7.7  ±0.0; 


DM.  =:  8.8 
"  =  7.0 
••      =  8.1 


EPIIEMERIS   OF   COIVIET  d  1889. 

(Continued  from  patre  10-t.  i 


890  Gr.  M.T 

M.p. 

It 

App.  ,>( 

Jan.  0.5 

0 

'39' 

56' 

+  7" 

8.6 

1.5 

41 

26 

19.8 

2.5 

42 

5(i 

31.0 

3.5 

44 

27 

42.2 

4.5 

45 

58 

7 

53.4 

5.5 

47 

30 

S 

4.7 

6.5 

49 

2 

16.0 

7.5 

50 

36 

17.2 

8.5 

52 

9 

38.5 

9.5 

53 

44 

8 

49.8 

10.5 

55 

19 

9 

1.0 

11.5 

56 

54 

12.3 

12.5 

0 

58 

30 

23.6 

13.5 

1 

0 

6 

+  9 

34.9 

loir 


0.3229        0.2686 


0.3248       0.2782 


18'.10  Gr.  M.T.      App.  a 


App.  ,V 


0.326; 


0.2876        0.5G 


0.3287       0.2969 


Jan.  14.5 
15.5 
16.5 
17.5 
18.5 
19.5 
20.5 
21.5 
22.5 
23.5 
24.5 
25.5 
26.5 


1      1    43    +    9   46.2       0.33(17 


3  20 


9  57.4 


4  58        10     S.'i 


6  36 

8  15 

9  55 
11  .-u 

13  1-1 

14  55 
16  36 
18  18 


20.0       0.3327 
31.2 


lo-  A 
0.3061 


0.3151       0.48 


42.5 
1(1  5:!.  7 
11  4.9 
16.1 
27.3 
38.5 


0.3348        0.324(1 


0.3369       0.3327 


20     0       11   49.6 
1    21   42    +12     0.8       0.3390       0.341;!       0.41 


EPHEMERIS   OF   COMET,/' 1889  (ill /i^^), 

By  Rev.  GEORGE  M.  SEARLE. 


This  is  continued  from  p.  112.  that  orbit  at  the  end  of 
three  weeks  still  agreeing  well ;  the  corrections  on  Dec.  13 
being  — 25"  in  «,  and  — 5'  in  (^.  according  to  an  observation 
then  obtained  by  Mr.  Wendem..  Later  computations  seem 
to  confirm  the  elHpticity  already  suggested. 

Gr.  JI.T.  ,t  '    ((  log  A  Br. 

1889  Dec.  16.5         o'    Tis"     +20  22.8         9.9368         0.79 
7  50         20  56.4 
20.5         0  14  31      +21  29.6         9.9461  0.74 


1889  Dec.  24.5 


28.5 


1890  Jan.      1.5 


5.5 


0  21  18 

+  22  2.3 

28  9 

22  33.3 

35  7 

23  4.1 

42  9 

23  34.2 

49  15 

24  3.2 

0  56  24 

24  31.2 

1  3  35 

24  58.2 

1  10  48 

+  25  24.2 

log  A 


9.9583 


9.9704 


9.9832 


9.9968 


0.69 


0.65 


0.60 


0.55 
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FILAR-MICROMETER  OBSERVATIONS   OF  COMET/ 1889  (SWJFT), 

MADK    WITH    TIIK    ll!-INCH   F.(JU.\TORIAI,   OF   TIIK    I.K  K    ollSEltV.lTOKV, 

By  E.  E.  BAKNAHD. 


1889  Mt.  Hamilton  M.T. 

* 

No. 
Corap. 

-      #- 
Ja 

-* 

//8 

^'s  apparent 

1         8 

log  pA 

for  a           tot  i 

Nov.  20     7  55  58 

21  6  52  28 

22  7  51  39 

25  7  38   14 

26  7  48  25 

1 
2 
3 

4 
5 

20  ,  3 
10  ,  8 
.12  ,  6 
10  ,  6 
12  ,  9 

—1   28.73 
—0  58.36 
—0  48.73 
+  0  55.68 
—0  40.52 

—3  21 '8 
+  1    12.6 
+  0  39.0 
—8  34.1 
—5  30.0 

22"  49"  19.00     +12°4.5'5K7 
22  51   27.93     +13     2  .30.2 

22  53  51.14     +13  20  43.4 

23  0  58.83     +14  13  21.6 
23     0  29.63     +14  31     1.9 

9.152 

8.301 
9.152 
9.097 
9.164 

0.577 
0..5.56 
0..562 
0.544 
0.544 

Mean  Places  for  1889.0  of  Comparison- Stais. 


a 


22  50  45.90 
22  52  24.47 

22  54  38.04 

23  0     1.31 
23     4     8.32 


Red.  to 
app.  place 


+  1.83 
+  1.82 
+  1.83 
+  1.84 
+  1.83 


+  12  48  54.2 
+  13  0  58.9 
+  13  19  45.6 
+  14  21  36.6 
+  14  36   12.9 


Red.  to 
app.  place 


Authority 


+  19.3  Schjellenip  9405 

+  18.7  A(W.15.  22"  J0.-.1+2  (irant  6012) 

+  18.8  I   .\(W.H.  22"  1 106  +  2  Grant  6031 ) 

+  19.1  ;',(W.1{.  22"  1235  +  2  Grant  6067) 

+  19.0  I  Compared  with  «  Fc</a.s-i 


Round,  verv  srrad- 


diiuiieter.  Round, 


Nov.  IS -IK.     Itainy  and  foggy  all  night. 

Nov.  20.     (.'oniot  faint,  about  J,^    diameter, 
nally  brigliter  in  middle. 

Nov.  21.     Conu't  faint,  about  i:i  magnitude, 
very  gradually  brigliter  in  middle. 

Nov.  22.     Raining,  with  probably  no   more  observations  of  the 
comet  for  some  time. 

Nov.  22.     Comet  faint,  but  better  seen  than  before.     It  looks  like 
a  periodic  comet. 


The  stars  No.  1  =  DM.  12°4912  and  DM.  12°4925  seem  to  be 
affected  by  an  error  of  about  !>.<'  in  S.  I  measured  the  J^T,  and 
found  the  preceding  star  1"..{  S.  of  the  following.  These  stars, 
brought  up  from  Scii.iki.i.kkiti.  and  Wki.s.sf.'s  Bcssel  coutlrm  the 
error  in  the  DM.,  both  lieing  recorded  there  with  the  declination 
about  xy-.'  too  small. 


Nov.  25,  2(;. 
Star  .->  - 


Comet  very  faint  from  thick  sky, 

a  Pegasi,    Ja  =  4"'  54".41     JS  =  —0'  1«".2. 


ELEMENTS   OF   COMET  rn 889  (DAVIDSOX)^ 


By  w.  w.  CAMi'i?i:r.r,. 

From  uliscrvatioiis  niaile  at  AViudsor  .Tulj' 23,  and  at  Wasli- 
in<;ton  August  19  and  September  27,  1  liavi'  coniputrd  the 
lollowing  elliptic  elements  of  this  comet. 

Residuals  (O— C), 
cos,!i' j;.'  =:    +0".8,      J,5"  =   +1".3. 


T  —   1889  ,luly  1 '.1.2700  Gr. 

0)  =  345°  51'  44".  1) 

Q   =  286     10    30  .1  '  1889.0 
i"  =     65    57    29  .6 ) 

V  =     84      7    17  .7 
log  a  =  2.296008 
log(/  =  0.016829 
los:  «  =   ().10.-.995 


M.T. 


XEW   ASTRONOMICAL  AVOIIKS 


Die  Polliiihe  iler  hTiin'dshcryer  Sternicnrte,  abi/eleitet  arts  eiyenen  lie- 
ohachtuiiiifH.  ISSti.  ISST.  nml  reriilickenmit  Bfssel'schen  Beiibacli- 
linitji'.n,  1S42-1S44,  von  Dr.  .Toh.vxxfs  Rahts. 

lu  this  memoir,  which  forms  part  of  the  ;l8th  volume  of  the 
Kdnigsberg  Observations,  Dr.  Rahts  considers  the  (|Uestion  of  a 
possible  change  in  the  latitude.  He  gives  the  results  of  his  own 
observations  of  the  zenith  distance  of  Pdlaris,  and  compares  them 
with  the  similar  ones  made  by  Bf.ssf.i.  and  pulilislied  in  Nos.  4«1 
and  182  of  the  .Uti:  Xtichrirliten. 

Krom  the  recent  series  he  deduces  the  value  of  tlie  latitude  for 
1887.0,  as  54'  42'  .-.0".43  ±  0".0:!i  while  Bksski.  had  obtained  lor 
184;t.O  the  value  ".4"  42'  .'•0".5(!  ±  0".O2. 

Die,  h'oHstonti'ii  tlev  I'lii/sischen  lAhvalion  den  Momles,  abf/eleilet  aiis 
SehliUev's  IConiffsheriier  Ifeliometer-Iieobarlitiiiigen,  von  T)r.  Jri.irs 

KHANZ. 

riiis  treatise  of  47  pages  is  also  imblished  as  pari  of  voliinw  .iS 


from  the  Kcinigsberg  l>bservatory.  Scni.OTKit's  observations,  made 
during  the  years  1841-184;!,  were  published  in  volume  28  of  the  .same 
series;  ami  Wiohmaxx  had  made  some  of  the  preliminary  computa- 
tions, whibh  have  been  carefully  tested  by  Dr.  Fhanz,  and  a  few 
errors  c<)rrected. 

'I'lie  anllior  hius  fully  presented  the  theory  of  the  physical  libra- 
tion,  and  elaborately  iliscussed  tfie  constants  of  the  helionietor.  and 
the  series  of  observations.  The  crater  "  Miisting  .K"  being,  a.s  is 
well-known,  the  point  observed,  its  apparent  position  relative  to  the 
center  of  the  lunar  disk  is  given  in  the  llrst  place  by  tlic  observa- 
tions; and  from  these  are  detluced  its  selenocentric  ecliptical  c<M>r- 
dimites,  /  and  h.  Computing  the  corresponding  values,  /|  and  /i|, 
from  assumed  places  of  the  selenographic  coortlinates  of  the  crater. 
)■  and  .<,  the  dillerences  /j  —  I  and  fti  —  6  give  eijuations  of  condition, 
for  determining  the  desireil  constants  of  the  physical  libration. 

An  investigation  of  the  influence  of  the  lunar  phase  led  only  to  a 
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negative  resnlt;  so  that  all  conaideratiou  of  this  in  the  computa- 
tions was  demonstralily  ni-gllgihlc. 

The  various  ciinatloiis  of  condition,  tlie  normal  e(|uations  formed 
from  tlicni,  and  the  values  tlieiice  deduced,  are  jjiven  in  full  detail, 
the  most  important  of  tlie  resulting  values  beinj; : 

for  the  mean  inclination  of  tlie  lunar  equator  to  tlie  ecliptic 

1  =   I°;U'  22".  1  ±  7". 3 
for  the  position  of  the  crater 

>.  =  —3-  1(1'  H»".0  ±  7".!),     ,i  =  —3°  11 '  24".n  ±  r,".r, 
and  for  the  lihralinus  in  loni^itudc,  node,   and   inclination,    re- 
spectively 

«  =  2'. 2  sin  O  —0'.+  sin  (m—n) 
sin  Iw  =  — I'.O  sin  (m — tt) 

W"    =   — l'.()COS(»» — ff) 

in  wliich  Q  denotes  the  mean  anomaly  of  the  .«nn,  and  {m — t)  that 
of  the  moon. 

The  autlior  arrives,  moreover,  at  the  conclusion  that  no  inference 
regarding  the  secular  change  of  the  moon's  mean  motion  can  l)e  de- 
rived from  observations  of  the  libration. 

Annnles   de    V Observatoire    Astronomiiiue   de    Tukiju,    Tome   I,    ler 
fasciculi'. 

This  first  puljlication  of  the  results  of  the  Imperial  Observatory 
of  .Tapan  will  receive,  as  such,  a  hearty  welcome  from  the  astro- 
nomical world.  It  contains  a  determination  of  tlie  latitude  of  the 
Tokyo  Observatory  by  Mr.  H.  Watanabe. 

From  48  meridian  zenith-distances  of  Polaris,  ol)serveil  with  the 
Repsold  circle,  he  obtained  the  value 

35^  3n'  15".05  ±  0".ll.-> 

and  liy  employin:.;  Talcott's  method  and  19  pairs  of  stars  he  found 

35"  30'  I,5".40  ±  0".ll. 

Catalogue  of  Stars  obsn-ved  at  the   U.  S.  X.   Observatory  during  the 
years  lS4o-18T7.  and  prepared  for  imblication  by  Vvoi.  M.  Yau- 
NALi..     Sd  Edition,  revised  and  corrected,  with  renumberiny  of  the 
stars,  by  Prof.  Edcjak  Fuisbv,  U.  S.  X.     Washington,  1SS9. 
In  this  publication,  issued  as  Appendix  I  to  the  Washington  Ob- 
servations of  1.S84,  we  have  the  well  known  Catalogue  of  Yarsall, 
revised,  corrected,  and  rearranged.     Before  six  years  had  elapsed 
since  the  issue  of  the  first  edition,  it  had  become  a  work  of  contin- 
ual reference,  and  indeed  indispensable  for  practical  astronomers ; 


and,  although  its  author  added  some  .'iuo  stars  in  the  second  edition, 
then  published,  he  wisely  refrained  from  changing  the  original  no- 
tation—  justly  fearing  the  confusion  which  might  otherwise  arise. 
The  completed  volume  of  tliat  edition  reached  him  but  an  hour  be- 
fore his  death,  and  after  he  had  become  unconscious;  but  he  had 
personally  superintended  all  its  details,  and  tlie  oljservations,  reduc- 
tions, and  preparations  for  the  press  were  almost  entirely  his  own. 
None  but  those  who  knew  the  embarrassments  and  olistacles  with 
which  he  successfully  struggled,  during  tlie  first  half  of  the  long 
period  covered  by  his  observations,  can  fully  appreciate  the  great- 
ness of  Ills  deserts. 

Tlie  present,  third,  edition  has  lieeii  wortliily  edited  ten  years  later 
still  by  ills  successor,  I'rof.  Kuisnv.  .All  errors  previously  dis- 
covered have  been  corrected,  and  new  ones  detected  by  elaborate 
revision,  and  the  numeration  of  the  stars  has  been  so  modified  as  to 
include  those  added  since  the  first  edition,  .\fter  the  lapse  of  16 
years  such  change  of  notation  is  less  likely  to  produce  confusion 
than  would  have  lieen  tlie  case  at  an  earlier  day ;  and  since  no  es. 
sential  change  is  to  be  expected  in  the  future  the  present  numera- 
tion will  doubtless  be  a  final  one. 

Prof.  FniSBY  has  sulijected  the  whole  Catalogue  to  systematic  re- 
vision, changing  the  nomenclature  wherever  this  seemed  desirable, 
re-examining  all  the  stars  not  originally  identified,  and  introducing 
references  for  such  as  he  found  in  Catalogues  previously  existing. 
Inasmuch  as  Y.utNAi.i.'s  original  positions  were  chiefiy  derived 
from  a  combination  of  right-ascensions,  determined  with  the  transit- 
instrument,  and  declinations  observed  with  the  mural  circle,  it  was 
almost  inevitable  that  errors  should  sometimes  arise  from  the  com- 
bining of  coordinates  belonging  to  different  stars.  .Sucli  errors 
have  been  brought  to  liglit  by  careful  identiflcatious,  now  made  pos- 
sible by  the  publication  of  subsequent  catalogues;  or.  in  default  of 
these,  by  direct  reference  to  the  sky.  Indeed  Prof.  Fhishy  states 
in  his  introduction,  ■■  it  is  believed  that,  with  one  or  two  exceptions, 
every  star  has  been  completely  identified."  He  has  recorded  and 
explained  in  the  notes  the  doubtful  cases,  and  verified  every  po- 
sition now  given  in  the  Catalogue. 

The  conscientiousness  and  patient  care  devoted  to  this  edition  by 
Prof.  Frishy,  have  been  most  fittingly  bestowed  upon  a  work  whose 
author  afforded  an  eminent  illustration  of  the  same  qualities. 


COMET  g  1889. 

A  dispatch  from  Kiel  announces  the  discovery  of  a  faint  comet  liy  BouiiELi.v,  at  Marseilles.     It  was  observed 
Dec.  12.311  Gr.  M.T.         a  =  18'"  7"'  0'         8  =  +48°  5.3'.  Daily  motion,   +1'"  12*  in  «,  and  1°  southward. 

Prof.  HoLiiEN  sends  au  observation  Viy  Barnard. 
Dec.  1.5.6425  Gr.  M.T.  < 


18''  10'"  50M 


S  =   +45=  .30'  10" 


CORRIGENDA. 


Ko.  20fi,  p. 


105,  col. 

107, 

lllll. 


13  |- for   cos'V-'2V   put  cos -•'^-21' 
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SUCCESSIVK    CORKKCTION.S. 

Ai)|)lyii)g  these  corrections  to  the  values  of  c/,,  (j.,,  q,,  we 
compute  the  numbers  in  tlie  second  column  of  each  of  the 
above  tables,  and  obtain  the  residuals 

a  =  0.002497  p'  =  —0.0021  (IS  ;■  =  0.001145 

Tliesc  combined  with  the  old  values  of  a,,  i,,  etc.,  G  and 
/.,  give 

C,  =  0.00000.59  C,  =  0.0019159         C,  =  0.0039142 

Tiie  use  of  the  old  values  of  «',  (3',  etc.,  renders  neces- 
sary a  slight  change  in  the  fornmlas  for  Af/.  We  write, 
therefore, 

^    a 

''•'         I  +  L(Dq.,+iC.i) 
S>/,=  C\  —  LiDfj,+W.^\fj,       Ag,,=  Cs  —  L{Dq,+iC,)\(], 

where  Dq.^  represents  the  preceding  value  of  Aq.,.  In  general, 
at  any  stage  of  tiie  work,  Dq.,  will  rei)reseut  the  sum  of  all 
the  corrections  of  '/._,  which  have  been  made  since  the  last 
computation  of  tt,,  bi,  c, ,  etc.  The  resulting  corrections 
t(i  l)c  a|iplied  at  the  beginning  of  the  third  colunm  of  num- 
lifis  in  each  of  the  above  tables  are 

Av,  '^-  — ii.ilO.'ieo  Af/,  =  0.00432  Sq.  =  0.0tK);{2 

In  liic  third  approximations  we  rcct>mpute  all   the  ipiatiti- 
1  lind 


lies. 

log   (I 

log  l> 
log  (• 


'.t.l4  7(;5H  log  <(.,      9.0t;:!04.S         U)g  «.,      9.039:?6;5 

'.1.001945         log^,      8.922342        log  i;,      8.902408 
1/9.0(54648  log'-.,    j(«. 980892         log  C;,    »j8. 953910 

log  (r      (). 52162  (mean  of  three  values) 
li  =  —0.000148         p'  —  0.000123  r  =  —0.000066 

r,=  0.0023429  C,  =  0.0015358  C,  =  0.0(11 33(52 

,  log  //  ((7. 55221         log  L  1.12109 
A(/,   =   0.002325  A7,  =   (1.001518  Ac/;,  0.001318 

These  corrections  furnish  the  basis  for  thi'  calculations  in 
the  foiiith  column,  which  give  the  residuals 


(i  =  —0.0000018         r  =  —0.0000005 

and  the  new  corrections 

A7,  =  —0.000094        Sq.,  =  —0.000072        Ary.,  =  — 0000(M 

These  last  residuals  show  that  it  is  unnecessary  to  make  a 
further  apjiroximatiou  till  the  constants  of  the  fundamental 
ecpiation  have  1)oen  corrected.*  The  final  values  of  7,.  7 
and  '/,j,  in  this  hypothesis,  are 

7i  =  0.646051  q.,  =  0.649899  j^  =  0.811217 

Test  ok  the  First  Hypothesis. 

We  have  now  obtained  the  three  heliocentric  distances  of 
the  comet  which  satisfy  the  fundamental  equation.  This 
gives  us  three  points  lying  in  a  [ilane  with  the  sun,  and  in 
the  lines  of  sight  with  the  three  observations  respectively. 
Through  these  points  we  draw  an  ellipse  and  calculate  the 
intervals  of  time  reipiired  by  the  laws  of  elliptic  motion  for 
the  passage  of  the  comet  between  them.  If  these  calculated 
intervals  corrected  for  aberration  are  identical  with  the  ob- 
served linu'-intervals  we  have  the  correct  solution  of  the 
l)robleni. 

The  time-intervals  can  be  calculated  from  the  lensth  of 
the  radii-vectores  and  the  angles  between  them.  If  the 
fundamental  equation  be  written  iu  the  form 

iiJit  —  i,.B.  +  D^R,  =  0 

it  indicates  that  we  may  form  a  triangle  whose  sides  are  re- 
spectively parallel  to  the  three  heliocentric  directions  of  the 
comet,  and  equal  to  h,)-,  ,  ii^r.,  ,  »,)■,  (for  brevity  »,,.<;, .«,). 
The  angles  between  these  directions  may  then  be  e.nsily 
found.  The  time-intervals  we  shall,  however,  express  in 
terms  of  the  eccentric  anomalies  without  computing  the 
angles  between  the  heliocentric  directions. 


If    wo   liail    iisiil  _\i/;   = 


C, 


and  in  llic  ex- 


1 -Hi /.(/)?. 4-iC-) 
prossloii  for  A  71  '""I  A'/s  In  place  of  /.     * /,     the  approxiiimtlon 
would  have  l)eon  more  rapid. 
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n,  =  A(l+J2i)  =  [  9.7013824] 

ju  =  —(1—7?,)   =  [n9. 9924188] 

n^  =  A^(\+Ii,)   =  [  9.6994410] 

S,  =  S,  —  S,       .  s;'  =  S,.S, 

4.4,.  =  .s,-V  —  {S. .  S^y- 


1\  =   /;/(, 


.V  =  A,Ii,  +  R,  +  AJt, 
-s,  =  0.:5.S6.'.301      P., 


P 


s,  =  «,?-,  —   [9.7350632] 
s.i  =  lur,  =   [0.0200242] 
s,  =  ji.,}-,  =  [9.7323t;-iG] 
s   =  ^(.s,+»,.+S3)  =  1.0652401 
'a-  =   [8.3240421] 

4-4- 

—   [0.2430311] 


JV(Si +  «,  +  .<!,.,)  ( S,  +  S^  +  S^)  {Si  +  S.j .S;,) 

=  2m.,  — s,  =  — O.C725O20  F,,  —  pn-,  —  s.,  =  0.335971  C 

P,  +  P,  +  P,  =z  0 


Let  /  be  a  unit  vector  iliawii   froiii  the  suu  towards  the  I  at  right  angles  to  7,  in  the  phuie  of  the  orbit,  and  on  tlie 
comet's  perihelion,  and  7'  a  unit  vector  drawn  from  tlie  sun,  |  side  towards  wliich  anomalies  increase. 

ei.S,  =  P3  —  P1  =  Pi  =  —0.0005688  e  I .  S«  =  P.,  —  —0.6725020 

{S,'  P,+  S,.S,)  P,  r..ro,o,.  .  ^.  ^    _  (^2  •  Sd  P,+  H.rP, 


Tlieu 


e  I'.Si 


•2A 

{eI.^,)-+{er.S^^- 


P 


[0.4739904] 


e  sin  E, 


1  — 

—e7'.S.2  —  eI'.S* 
2bni 


0.1781342  eJ'.Si 

b 

'  sin  E.,  =  e  /'.  ^2 


2A 


0.00633225 


[9.6153772]  (average  value) 
V^.  —  [0.3.585108] 

— e  I'.  ^„  +  e  r.  St 


e  sin  E:f  =^ 


2bns 


log  sin  E,  =  w9. 0973068 
log  sin  E.,  =  m7. 6429394 
log  sin  jE^a  =     9.0683591 

r,=a'^-^(E..r-E.;}  +ea!'^-'smE.^ea;V-^sm  E-,  =      0.2247191 

5Ti(aberr.  corr.)  =  0.005762  K(p.,— p.)         =—0.0000007 

log T] (corrected  for  aberration)  ^      9.3516375 

log  Ti  (observed)  =      9.3515856 

AlogT,     (O— C)  —0.0000519 

Correction  of  the  Fundamental  Equation. 
The  logarithms  of  t,  and  r,  corrected  for  aberration  ex- 
ceed those  of  the  corresponding  observed  values  by  0.0000519 
for  the  first,  and  0.0000466  for  the  second.  If  we  solve  the 
fundamental  equation,  using  time-intervals  shortened  by 
these  amounts,  tlie  intervals  calculated  from  this  second 
solution  must  agree  almost  exactly  with  the  observed  inter- 
vals. The  following  equations  give  the  corrections  for  the 
constants  which  depend  on  the  time-intervals. 

A  log  (T,r;0  =  A  log  n  +  A  log  T.,  =  —0.0000985 


j&,  =  —7°  11'  14".47 
E^  =  —0°  15'  6".50 
E'.  =       6°  43'  18".08 

r3 = a'''HE,—E, )  +  ear''  sin  E—ecv"-  s\nE.,=     0. 2236987 
5T3(aberr.  corr.)  =  0.005762  K(p.,—p{)         =  —0.0000027 

=      9.3496571 

=      9.3496105 

—0.0000460 


log T.,( corrected  for  aberration) 

logT.j(observed) 

Alogr,      (0— C) 


A  log  - 


■  A  log  1 


=  —0.0000053 


A  log  J,  =  J.Alog'"' 
A  log  A.,  =  —  -4,  A  log 


rr  + 


J^  log  TJ,  =  A  log  (T,r,)  -  '^^  A  log 


AlOg^o  =   Al0g(T,T,,)    + 

A  log  B,  =  A  log  (t,t,)  -I-  - 


12s., 


V2B, 


=  —0.0000027 
=      0.0000026 
=  —0.0000878 
A  log  ■-  =  —0.0000985 


A  log-  =  —0.0001090 


Applying  these  corrections  to  the  values  of  the  constants 
used  in  the  first  hypothesis,  we  have  for  the 


Second  Hypothesis. 
log  A;  =  9.6979840  [  the  same  manner  as  with  the  first,  except  that  we  content 

ourselves  with  the  values  of  «',  p",  •/,  a^,  b„  c,,  G  and  L  last 
computed,  and  calculate  Aj,,  Aq.,  Aj.j  by  the  second  method 
employed  in  the  last  hypothesis. 

«,  =  [  9.5700863] (1-1- 7?,) (51+   .6374005) 
'>Y  =  q,'  +  .7504001  p\  =  [ji9.3739148](l -l-7?,)  (?i— l'.537549G) 

7?,  =  [7.6179587]j-,-^  n  =  [  9.3782729](l-h7?,)  (?,—  .0348441) 


I6g^,  =  9.6999538 
log  .6,=  7.6179587  log  B.  ="8.3208882  log  B-=  7.6258382 
We  now  proceed  with  the  second  hypothesis  in  precisely 
5,    =  Pi   +  .4864199 
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12.3 


A  5, 

=  Ap, 

0.002180 

—0.0000225 

—0.0000017 

pi 

O.lo'JGSl 

.1618110 

.1617885 

.1617868 

?1 

.646051 

.6482301) 

.6482084 

.6482067 

rr 

1.1G7782 

1.1706034 

1.1705742 

1.1705720 

lii 

.003288 

.0032760 

.0032761 

.00327612 

r«, 

.4785104 

.4793174 

.4793090 

.47930843 

ts  of 

.2115735 

.2110536 

.2110.i89 

.21105932 

.1465166 

.1470374 

.1470320 

.14703160 

log  G, 

6.52162)  K„,n«r.. 

logZ 

1.1210!)) ''>■'"■""■■»'" 

c\ 

.002236 

—  .0000221 

—  .00000163 

^?. 

.002180 

—  .0000225 

-   .0000017 

\'' 

—0.0000055 

•    0.0000037 

—0.0000005 

— 0.0000000. G 

Its  of 

-1'? 

—0.0000019 

—0.0000030 

0.0000001 

0.0000000,2 

— 0.000001 y 

0.0000O18 

—0.0000005 

—0.0000001,0 

5,  =  p,  +  .5170330 
r.r  —  q„-  +  .7131934 
li.,  =  [8.3208882]>T' 


Aq.,  =z  A  p.j 
pj 

r.r 
li. 


Conipoiieiits  of  ~f!.j  -;  p'„ 
(?■-■ 

a. 


0.132866 
.649899 

1.135562 
.017301 

-  .7670541 

-  .6113177 

-  .3667808 
.0018444 
.001788 


«.,  =  [»9. 8444950]  (1- 
8.  =z  [  9.3750306]  (1- 
):,  =  [?i9.8290614](l- 

0.001788 

.1346540 

.651G870 
1.1378894 

.0172479 

—  .7683238 

—  .6109340 

—  .3679860 

—  .00000857 

—  .0000082 


-/?.,)  (j.,4-  .4667338) 
-B.^  (9..— 3.2730050) 
-B.,){g-—   .0966450) 


-0.0000082 

.1346458 

.G51G78.S 

1.1378787 

.0172481 

-  .7683179 

-  .6109358 

-  .3678050 

-  .00000186 

-  .0000018 


—0.0000018 

.1346440 

.6516770 

1.1378763 

.01724818 

—  .76831662 

—  .61093613 

—  .36797929 


q.,  =  ju,  -f-  0.6850433 
7-,,-  =  g^-  +  .5056433 
11,  =  [7.6258382]rr' 


«3  =  [9.44.5.-)27G](l-|-i?,)(?,+    .2196827) 

fi.,  =   [8.9i;i9481](  I -|-ii,)(?,  +  4. 0458360) 
5',,=  [9.6078527]  (1+ if,)  (!?.!—   -2696800) 


^(J: 


A  p., 


p:: 

0.12G174 

9:: 

.811217 
1.163717 

R' 

.003366 

CoiniJOiifiits  of  Sr.  ] 

(C. 

.2885382 

p'. 

.3997422 

r.i 

.2202623 

* 

0, 

.001754 

A 

9: 

.001698 

'I'kst  0 

log  n, 

9.7013743 

log  n.. 

9.9924444 

log  ?*,, 

9.6994381 

log  s, 

9.7355732 

log  s.. 

0.0204914 

log  .v., 

9.7328736 

s 

1.0664394 

log  s,.s, 

7.5629919 

log  s;- 

8.K8834  71 

log  A" 

8.3272015 

log    p 

0.2462279 

P, 

.34  2;!  761 

P. 

—   .6841805 

P. 

.3118011 

CUvx'k  P,  +  P..  +  p. 

— 

.0000003 

0.001698 

—0.0000059 

—0.0000010 

.1278720 

.1278661 

.1278651 

.8129153 

.8129094 

.8129084 

1.1664746 

1.1664651 

1.1664634 

.0033537 

.00335373 

.00335371 

.2890100 

.2890084 

.28900813 

.3998774 

.3998769 

.39987683 

.2209504 

.2209480 

.22094709 

—  .0000055 

—  .0000009 

—  .0000059 

—  .0000010 

.Second  Hvpothes 

IS. 

Corrected  (  P, 

values     <  P, 

of        (p.. 

0.3423762 

0.6841804 

0.3418042 

e  I.St 

—0.0005720 

ei.]%. 

0.6841804 

el'.St 

0.1814972 

ei'.s-. 

0.0064245 

log  e- 

9.6293969 

log  a 

0.4873065  . 

A'l 

—7''    4'    6".85 

E, 

— 0°  14'-47".88 

E, 

6°  36'  45".34 

'Og  T, 

9.3515867     Corrected  for  aliorratitm 

log  r,. 

9.3496113 

A  log  T, 

—0.0000011      (O— ( 

') 

A  loil  r . 

— O.OOOOOOS     (()- c 

•) 

I  \w  agrecinenl  lielwciMi  the  oliseivotl  and  (•aUiilatod  values  of  tlio  tinio-iiilorvals  is  so  close  that  it  is  uunocossary  to 
uiaUc  a  tliinl  hj'polhesis. 
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Time  of  I'icuiiiki.ion  and  Position  of  Orbit. 

Tlic  time  of  i)criliolion  |)!iss:i<j;e  iii;iy  1h'  fomiil  fioiii  eaeli  of  the;  three  positions  liy  tlie  followin<r  foninila  : 

t—T—  u-'^-k-'{E—esmE) 

t,—  T—  —13.470522  ?,  =  Oct.   25.313242  r,  =  Nov.  7.782832 

t..—  T=  —  0.467778  t.  =  Nov.    7.315808  T.,  —     "      7.782810 

t,,—  T=       12.594117  t,  —      "     20.377642  T,  =     "      7.782789 

7',  ^  Nov.  7.782810  (mean  of  tliree  vahies) 


Tiie  vectors  J  uiul  /'  may  In;  finuid  from 

I  =  Jj   \_—{eI'.S^)^,+(er.^,)S,'] 


I'  = 


1 


l—(eI.S,)S,—{el.S,)S,'] 


iA,' 

t'ompoiRMits  of  /  log*  9.8612565 
/'  log/  719.8338123 
M  i  0 

log  {M.  I)  8.9533479 


Call  th(!  unit  vector,  drawn  from  IIk;  sun  above  anil  perpen- 
dicular to  the  plane  of  the  ecliptic,  M.  The  oljlicjuity  of  the 
ecliptic  (1880.0)  =  23°27'17".l.  We  shall  have  for  the 
components  of  7,  /'  and  J/, 

log./       9.7702621  log  &  9.5484412 

log./       9.8330566  log  A:  9.4263840 

log./     7(9.5999100  log/,-  9.9625467 

log  (.1?./')  «8.4171560 

The  inclination  of  the  orbit,  the  distance  h-mn  perihelion  to  node,  and  llic  longitude  of  the  node,  may  be  found  from  the 
following  formula : 


sin-  i  =  {M.  I)-  +  {M.  I')-  =  [7.9419846]  cos  (-—Q, )   = 

i'i.i k.i')  —  (l.r  k.i) 


M.r 


[?(9. 4461637] 


cos  Q, 

SiU    ( 

The  elements  thus  computed  are  as  follows.  Below  are 
given  elements  which  we  have  computed  from  eight  observa- 
tions ranging  between  October  25,  1880,  and  January  7, 
1881.  Hoth  are  referred  to  the  ecliptic  and  mean  ecpiiuox 
of  1880.0. 

Eight  Observations'. 
i  =       5°  23'     3".8 
7!  — SI  =  106     13      4  .1 
Si  =  296     42    55  .1 
log  e  =  9.8163726 
log  a  =  0.4905937 

T  =  1880  Nov.  7.786610 
Periodic  Time  =  1988.33  days 

Three  Observ.^tions. 
i  =       5°  22'     2".03 
-  —  Si  =  106     13    19  .17 
Si  =  296     52      2  .09 
loge  =  9.8146985 
log  a  =  0.4873065 

T  =  1880  Nov.  7.782810 
Periodic  Time  =  1965.88  days 


=  [9.6550662]. 


Ephemeris. 
The  ephemeris  is  computed  from  the  following  formula. 

R  =  — ea  I  +  aconE I  +  h  sin-B  I' 

Tiie  values  of  E  computed  from  the  mean  value  of  T  are 

jEi  =  — 7°4'6".81     ^,  =  0°  14'47".88     £,  =  6°  36' 45".30 

Components  of  R\  Ii>  Ba 

X,  =  0.9533240  x.,  =  0.7818013  x,  =  0.5773943 

?/i  =  0.4197893  .;/,,  =  0.6216590  y.  =  0.7988920 

«i   =  0.2924401  z.,  =  0.37443*79  z,  =  0.4414194 

Combining  these  values  with  the  heliocentric  coordinates 
of  the  Observatory,  we  find  for  the  right-ascension  and  decli- 
nation at  the  times  of  observation. 


«!  =  327  31  18.1 

a,  =  341 

15  36.2          «,  =  16  23    7.9 

8i  =    28  28  32.4 

S.,  =    42 

25  30.2          *,  =  54  20  56.6 

(  cos«Ao 

— o"  9 
—0.92 

— o!  7                      ]''  5 
—0.47                     0.67 

NOTE  FKOM  ME.  MOTODA. 

Though  there  have  been  written  many  papers  about  the   [  of  the  theory  of  perturbation,  the  method  of  solution  which 

well  known  differential  equation  I  now  communicate  to  you  seems  not  to  have  been  considered 

d-x    .,.,.-,,,.  ^  in  anv  of  them. 

-T^  +  (m- — 2pcosna;  :=  0  ,, '         ,  .  ,.  ,   ,  , 

ut'  I       My   method  consists  m  expandmg  x  m  powers  of  p  by 
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Tatlor's  Theorem,  and  in  determining  the  coefficients  of 
different  powers  of  fi  by  means  of  the  differential  equation. 
For  tliis  purpose  we  write 


X  ^  x„  +  (iri  -h  ^- 1._, 


,,  + 


(1) 

where  x,,,  as,  .  .  .  are  functions  of  t  and  m.  Put  this  in  the  dif- 
ferential equation,  .Tud  equate  the  coefficients  of  (5' to  zero, 
then  we  obtain 


d-x, 


,  .7  +  »i'i„ —  '2ix-  , 
(If 
This  gives  x,  in  terms  of  x,_,. 
into  the  integral  form  : 


cos  <  =  0. 
Tills  mav  be  transfoi'med 


(•-') 


--  sin  rat  J  COS  t  cos  m,tXt_idt  — cos  mt  J  cos  ts\n7nt  Xi_idt 
ml  J 


+  complementary  solution. 

d'x 
AVhere  ('  ^  0,     -^'  +  m'x,,  =  0     which 


;ives 


df- 

x„  =  Acos{iiU  +  B) 
where  ^-1  and    B   are   constants.     As   x„    becomes   known, 
X,  Xj .  .  .  can  be  successively  calculated  by  the  formula  (2). 
T  found 

i„  =^  A  cos(mt  +  B)  +  *   }sin<  sin(int  +  B) 
Tokio,  Japan,  1889  October  'J. 


sin[(3w-f  1)<+.B]       c08[(3?ft-f  l)<-fB] 
2(2m+l)  2(2wi— 1) 

052    =    &C.,   &C. 

It  is  easily  seen  that  ii,  x.,  .  ' .  etc.  are  integral  functions 
of  sine  and  cosine  of  int. 

We  have  supposed  that  m  is  different  from  zero,  unless 
the  above  fails.  But  when  m  ^  zero  tiie  equation  wliich 
determine  x,,  becomes 


dt- 


0     which  gives     i„  =^  At  +  B 


where  A  and  B  are  constants.  Hence  in  this  case  it  is  only 
necessary  to  put  the  just  found  value  of  x„,  instead  of  the 
former  value,  in  (2)  (remembering  m  =  0),  and  proceed  as 
before.  Also,  x,  is  an  integral  function  of  sine. and  cosine 
of  t,  as  well  as  of  t  itself. 

The  method  seems  to  be  applicable  to  the  more  general 
case  where  the  diflferential  equation  is  of  the  form 

^+   \  m.-—-2iify,(  A,  sin  X/  +  B,cosN,ty\  I  X  =  0 

T.  MOTODA. 


Sim-SPOTS,    1887-1889, 

15v   WILLI.^M   D.\WSON. 


The  following  table  is  a  coutinuation  of  tlic  scries  in  the 
AstroiiomiculJoiu-Hul,  1888  May  17,  No.  172.  The  telescope 
has  4.6  inches  aperture  and  70  in.  focus.     Full  aperture  used. 


A  power  of  100  was  employed  where  no  other  is  marked. 
Prostrating  illness  prevented  much  observation  during  1887, 
and  absence  in  summer  of  1888. 


Date 

Hour 

wt. 

Gp. 

Sp'ts 

Notes 

Date 

Hour 

Wt. 

1 
Gp.  Sp'ts 

1 

Notes 

1887  Jan.      2 

2 

2 

2 

3 

1  s  N  of  center 

1888  Sept.  19 

^ 

4 

0 

0 

22 

2 

1 

power  30 

22 

9 

5 

0 

0 

Aug.     6 

5 

4 

40 

10  s  prominent 

23 

H 

5 

0 

0 

28 

9 

5 

2 

s  little  at  \V  edge 

24 

4 

3 

0 

0 

fSept.    5 

8 

3 

0 

0 

26 

8 

2 

1 

8 

p  50  ;  air  very  poor 

13 

H 

3 

1 

8  iu  SK  (juadraut 

Oct.      1 

4 

3 

1 

4 

p  50 

16 

84 

3 

16 

one  s  1 

2 

,s 

1 

1 

8 

p50 

20 

9 

5 

40 

2  s  1 ;  4  prominent 

5 

0 

p  50 

Oct.    31 

9i 

3 

3 

3  little  ;  near  W  side 

8 

u 

0 

p50 

Nov.    8 

4 

2 

2 

p  50  ;  s  E  of  center 

9 

0 

0 

p  50 

1888  Feb.  20 

4 

40 

7  8  prominent 

14 

8 

3. 

0 

0 

p  50  ;  hardly  any  fac 

28 

3 

1 

5 

p  50  ;  g  near  W  edge 

15 

8 

4 

0 

0 

no  faculae 

Mar.     ;> 

3 

2 

0 

0 

p  50 

18 

H 

4 

0 

0 

i 

,s 

9 

3 

0 

0 

No  faculae 

21 

H 

4 

0 

0 

12 

10 

1 

2 

13 

2  s  1  !»'  from  E  edge 

23 

9 

3 

0 

0 

w 

14 

9 

2 

1 

10 

28 

3i 

3 

0- 

0 

15 

12 

8 

1 

8 

a  1  s  divided  into  ;!  s 

29 

H 

3 

0 

0 

Sept.    t; 

9 

2 

1 

1 

8  r  from  \V  edge 

Nov.    3 

H 

1 

0 

0 

air  very  tremulous 

7 

8 

5 

2 

10 

new  g  near  W  edge 

4 

SJ 

3 

0 

0 

faeultie  E  ;  p  50 

8 

8 

4 

1 

12 

s  all  1 

5 

9 

3 

0 

0 

p60 

11 

8J 

4 

0 

0 

no  faculae 

6 

9 

3 

0 

0 

p50 

14 

n 

5 

0 

0 

hardly  any  faculae 

12 

7i 

3 

0 

0 

p50 

1.") 

8 

4 

0 

0 

lit 

lOi 

3 

0 

0 

18 

H 

3 

0 

0 

i.                .. 

Spiceland,  Ind.,  1889  November  14. 
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TIIK     A  STKO  NO  M  1  C  A  I. 


i;  N  A  1-. 


N"  208. 


CONTRIBI^TTOt^^S    'l^O     I'lIE    KNOWLEDGE    OF    'Jill-:    IXEgi 

i'i:kious  of  the  variable  stars, 

Hv  S.   ('.  CIlANDI.Kli. 

111. 

7'i(>().     R  Vulpeculae. 

SciioNi'Ki.i),  Iroin  :i  discussion  of  tliu  ohsi'ivatioiis  I'loin 
1859  to  1874,  fouiiil  tli:it  ii  uniform  period  left  systematic 
deviations  outstanding,  wliicii  exceeded  seven  or  eigiit  fold 
tlie  uncertainty  of  the  single  maxima  ;  but  that  a  quadratic 
term  corresponding  to  a  sliorteuing  of  0''.12  from  epocii  to 
epoch,  brought  tiieni  within  the  range  of  the  probable  errors. 
In  this  case,  as  in  all  otiiers  wliere  such  terms  arc  resorted 
to  as  temporary  expedients,  the  divergence  from  observation 
soon  began,  and  rapidly  widened,  as  will  be  seen  in  the 
colnnui  of  O — C  marked  "  Sch.,"  below. 

C'olumn  A  contains  the  deviations  from  tiie  elements  of  my 
catalogue,  namely  : 

(  Max.  1865  Sept. 20.0 


ALITIES    IN    TIIE 


{A) 


+  13(i.9i';+20.0sin(4°i:;  +  !)0") 


I  Min.  ISGSJuly  19.0  ) 
which  were  derived  from  a  part  of  the  data  only.     A 
vision  gives  the  values 


(«) 


(Max.  1865  Sep.  18. 5 


+  i:!6.n3J5;+22.()sin(r.8  +  72°) 


i  MiQ.  1865.Tulyl4.3 
corresponding  to  the  last  column  of  residuals,  and  to  these 
calculatwl  times  : 


Epocli 

Maxima 

Minima 

64 

1889  Sept. 

23 

1889  July   19 

65 

1890  Feb. 

9 

Dec.     4 

66 

June 

27 

1890  Apr.  22 

67 

Nov. 

13 

Sept.    8 

68 

1891  Mar. 

31 

1891  Jan.  24 

61) 

Aug. 

17 

June  1 1 

70 

1892  Jan. 

2 

Oct.    27 

In  the  table  of  observations,   the  only  abbreviations  not 
already  used  are  Pi  for  Piazzi.  and  Sb  for  Schwab. 


K 

Observei 
Maxima 

S 

L-h. 

,1 

Ii 

Ob». 



55 

1807  Aug. 

23 

+ 

9.9 

—  9.2 

Pi 

147 

1810  Aug. 

10 

— 

3.2 

—  15.4 

17 

1859  May 

C 

+ 

8.3 

— 

9.2 

+   4.3 

Wn 

16 

Sef.t. 

12 

— 

2.1 

— 

8.4 

—  5.8 

10 

1861  Dec. 

31 » 

+ 

3.5 

— 

6.3 

+    1.9 

Kn 

H 

1862  Oct. 

5.0 

+ 

5-2 

— 

2.8 

+   3.7 

5 

1863  Nov. 

19.4 

+ 

0.9 

— 

4.9 

—  0.7 

" 

" 

Nov. 

18.9 

+ 

0.4 

— 

5.4 

—  1.2 

Bx 

3 

1864  Aug. 

16.3 

— 

4.2 

— 

8.6 

—  6.0 

Kn 

2 

1865  Jan. 

7.3 

+ 

2.0 

— 

1.7 

+   0.2 

'• 

— 

1 

Mav 

25.5 

4- 

2.6 

— 

0.6 

+   0.6 

>• 

0 

Oct. 

5.5 

— 

2.0 

— 

4.5 

—  3.9 

'■ 

+ 

1 

ISOG  Mar. 

n 

+ 

12.1 

+  10.1 

+   9.9 

•  > 

•> 

July 

6.0 

— 

3.3 

— 

4.7 

—  5.2 

Sd 

" 

July 

7.0 

— 

2.3 

— 

3.7 

—  4.2 

Ku 

22 

1873  Dec. 

17 

— 

3.5 

— 

2.5 

—  1.9 

Sd 

23 

1874  May 

6 

+ 

1.7 

+ 

2.0 

+   3.0 

'■ 

+ 

24 

Sept. 

13 

— 

3.0 

— 

3.5 

+   2.0 

" 

+ 

25 

1875  Jan. 

29 

+ 

0.5 

— 

1.0 

+   0.8 

•  ' 

35 

1878  Oct. 

19 

+ 

10.5 

+ 

0.8 

+   4.9 

Sb 

49 

1884  Jan. 

12 

+ 

77.1 

— 

0.9 

—  2.5 

Ch 

51 

Oct. 

15 

+ 

91.1 

+ 

1.4 

—  1.8 

Kn 

+ 

53 

1885  July 

20 

+  106.5 

+ 

4.3 

—  0.5 

" 

Minima 

— 

10 

1861  Oct. 

26.3 

+ 

2.8 

— 

8.0 

+   3.4 

Ku 

5 

1863  Sept. 

18.3 

+ 

2.8 

— 

4.0 

+  3.3 

'• 

3 

1864  June 

19.5 

+ 

2.0 

— 

3.4 

+   2.3 

" 

— 

•) 

Nov. 

4.0 

+ 

1.7 

— 

3.0 

+   2.1 

" 

0 

1865  Aug. 

6.3 

+ 

1.8 

— 

1.7 

—  2.1 

" 

+ 

1 

Dec. 

14.3 

— 

5.6 

— 

8.6 

—  5.3 

" 

4 

1867  Jan. 

31 

— 

4.5 

— 

5.8 

—  4.0 

" 

24 

1874  July 

12 

— 

2.0 

— 

3.5 

+    1.2 

Sd 

49 

1883  Nov. 

'.1 

+ 

77.1 

— 

1.9 

—  0.3 

Ch 

51 

1884  Aug. 

HI 

+ 

89.1 

— 

1.6 

—  1.6 

Kn 

+ 

56 

1886  July 

5 

+  1 

27.5 

+ 

4.0 

—  2.8 

'• 

SOME   OBSERVED   MAXBIA   OF  LONG-PERIOD   VARIABLES, 


By  P.\UL  S, 
»S'  Delphini. 
Twenty-one  observations  of  this  variable,  from  June  20  to 
September  27,  show  a  maximum  to  have  been  passed  July  24. 
When  first  observed  it  was  of  about  the  tenth  magnitude, 
rising  at  maximum  to  9". 5  ;  at  the  last  ol)servation,  Sep- 
tember 27,  it  had  again  fallen  to  10*'. 

H  C'amelojiardalis. 

Ten  observations  were  secured,  from  July  6  to  September 

18,  showing  a  well-marked  maximum  on  August  9  ;  at  the 

first  observation  the  star's  light  is  estimated  to  have  been 

<8*'  ;    it  rose  quite  steadily   to   7". 5.   declining  rather  more 


YENDELL. 

quickly  thau  it  had  increased.     Its  light  at  the  last  observa- 
tion was  about  8*'. 3. 

R  Boot  is. 
But  seven  observations  were  obtained  of  this  star,  between 
August  16  and  September  19  ;  its  brightness  at  the  first  ob- 
servation was  about  8*',  this  being  the  only  one  obtained  be- 
fore the  maximum.  On  August  20  the  star  had  risen  to 
7". 8,  the  rise,  though  slight,  being  well  marked.  The  re- 
maining observations  indicate  a  pretty  regular  decrease  to 
8*'. 5  on  September  19.  This  cannot  fairly  be  called  a 
well-determined  maximum,  yet  enough  observations  were 
secured  to  place  the  date  of  that  phase  not  later  than  Aug.  20. 


N°-  208. 


thp:   astronomical   .U)i:knal 
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S  Ursae  Majoris. 
Tliirteen  observations  of  S  Ursae  Majorix  indicate  tliat  a 
not  very  distinctly  marked  maximum,  at  7". 2,  occurred  Sep- 
tember o.  The  fluctuations  of  the  two  preceding  maxima 
seem  not  to  have  been  repeated,  but  the  unsteadiness  of  the 
star's  changes  render  the  precise  point  of  the  maximum 
piinse  a  little  uncertain.  The  final  decline  was  very'sharp, 
a  fall  of  a  full  half-magnitude  taking  place  between  Septem- 
ber 27  and  October  10,  at  which  time  the  star  was  last  ob- 
served, and  when  its  light  is  estimated  at  8". 7. 

Dorchester.  Mass.,  1889  October  28. 


.S'  Her  cutis. 
I        The  first  observation  of  tiiis  star  was  made  June  4,  when 
I    it  was  near  the  ninth  muguitu<le  by  eye-estimation.     Its  rise 
I    was  very  slow,  reaciiing  8". 2  only  on  August  15.  between 
I   which  date  and  that  of  the  maximum  which  was  passed  on 
August  25,  the  star  increased  to  the  7". 5.     Its  decline  was 
more  steady  and  rapid,  and  it  had  readied  8". 5  on  Septem- 
ber II),  when  the  last  observation  was  made.     The  observa- 
;   tious  number  in  all  eighteen. 


PHOTOMETRIC   OBSEKY^' 

]5y  HEXKY  M. 

The  observations,  commenced  in  April  1887,  a  report  of 
which  fortliat  year  is  published  in  the  Annals  of  the  Harvard 
College  Observatory,  Vol.  XVIII,  No.  3,  have  been  continued 
during  tlie  two  succeeding  years.  During  the  first  year, 
eighteen  asteroids  were  observed.  Since  that  time  eighteen 
additional  asteroids  have  been  observed,  and  many  have 
been  observed  in  different  seasons.  I  have  not  yet  found 
conclusive  evidence  of  intrinsic  variability  in  their  light.  All 
the  extended  series  show  their  reliability  as  photometric 
standards,  \ipon  applying  the  corrections  for  distance  and 
for  phase.     Whatever  other  variations  there  may  be,  are  so 


VTIOXS  OF  ASTEROIDS, 

r.VRKHURST. 

small  and  of  so  short  a  period  as  to  become  inappreciable  in 
a  series  of  observations. 

Tiie  phase-correction  arising  from  defect  of  illuminated 
surface,  is  always  small ;  but  there  is  an  additional  phase- 
correction,  the  cause  of  which  is  yet  unknown,  which  cannot 
be  neglected.  It  seems  to  be  proportional  to  the  angle  P,  at 
the  asteroid,  between  the  sun  and  the  earth  ;  and  does  not 
vary  materially  from  tliat.  But  the  factor  ^j,  of  the  correc- 
tion pP,  varies  irreatly  in  different  asteroids.  The  results 
obtained  are  given  in  the  following  table  : 


No.  G° 

/'   Jl' 

No. 

a-- 

;.   J/'^ 

No. 

G- 

P 

JP^ 

No. 

fr"-" 

P 

JP 

1  3.74 

0.048  34 

12 

7.66 

0.020  21" 

29 

5.80 

0.033 

11" 

105 

8.09 

0.100 

10° 

2  4.50 

.033  12 

16 

5.83 

.046  30 

30 

7.88 

.025 

32 

110 

8.91 

- 

3 

3  5.77 

.030  35 

18 

6.59 

.033  30 

37 

6.70 

.09 

3 

114 

7.15 

.12 

2 

4  3.4'J 

.018  25 

19 

7.23 

.10    3 

40 

7.66 

.020 

28 

122 

8.13 

.01 

3 

5  7.0G 

.025  21 

20 

fi.40 

.052  29 

42 

8.38 

- 

0 
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9.27 

.020 

11 

6  6.33 

.023  27 

23 

6.65 

.08    7 

J  3 

8.27 

.020 

6 

187 

9.51 

_ 

0 

7  6.30 

.016  3!l 

25 

8.14 

.025   12 

4  1 

7.16 

.025 

22 

192 

7.37 

.020 

23 

8  6.71 

.028  40 

27 

6.88 

.067  2(1 

.".1 

7.39 

.(»6 

5 

200 

8.74 

- 

0 

1 1   r..!i2 

0.022  43 

28 

7.40 

0.01    5 

75 

;i.36 

0.030 

20 

261 

10.28 

0.017 

15 

Tile  fust  I'oluiiin  contains  the  numl)er  of  the  asteroid.  The 
second  cohinin  contains  the  standard  brightness,  the  dis- 
tances from  the  sun  and  earth  being  reduced  to  unity,  and 
the  phase-eorreetion.s  deducted.  The  ratio  of  magnitu<le  is 
2.512,  and  the  standard  that  of  the  Harvard  Photometi'y. 
Tile  additional  phase-correction  is   +jiP,  P  being  reckoned 

25  Chambers  St.,  New  York  Cil;/,  18.S'.t  />,-.  1. 


in  degrees  :  anil  sometimes  exceeds  a  whole  magnitude.  IP, 
contained  in  the  fourth  column,  is  the  sum  of  the  observed 
variation  in  P,  for  the  three  years.  The  mean  value  of  71, 
giving  weight*  proi)ortional  to  IP,  is  O.O.'il  ;  nearly  coinci- 
dent with  mv  former  determination,  0.033. 


Professor  Km 


('()Mi:r  ()i}.si:ia  ATJuNs. 

,1;  has  kindly  telegraphed  an  oliseryalion  of  the  (<'omet  ij  1889,  made  by  him  at  Ki 


Dec.  15.2466  (Jreenwich  M.T. 


18"   10'"  22M 


<^  =   -1-45"  51'    II' 


From  I'rof.  Kiiisnv  at  Washington  we  have  a  single  observation  of  Comet  d : 
Nov.  23''  9"  36'"  41-.f;  Wasliin-ion  M.l'.         ,1  =  23"  53"'  59-.82 


('<  =    -1-0'  32'  32-.  1 
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TIIK     ASTRONOMICAL     .lOlUNAL. 


N"    2(« 


ELLIPTIC  ELEMENTS  OF  COMET/ 1889,  WITH   EPIIEMEKIS, 


Hv  Kkv.  GKOUGE  M.  SEAULK. 


1  have  computed  l)_v  Uiu  inelliod  <;ivL'n  in  No.  20(i  of  the 
Astronomical  Journal,  the  following  elliptic  elements  of 
Comet/ 1889  from  three  ohservatious  on  Nov.  18,  Nov.  26, 
and  Dec.  13,  made  by  Mr.  Wk.ndki.i,  of  Harvard  College 
Observatorj',  and  kindly  furnished  hy  Prof.  Pickkising. 

T  =  Nov.  211.8212  (!r.  M.T. 
SI  =  330"  24'  58"  ■) 
to  =     70       1      5    [■188'.).0 
t  =     10    15      3   j 
log  (I  =  0.131746 

,f  =  43°  3'  18" 
log  a  =  0.630275 
Period  ==  3221  days. 

Middle  place  (O— C), 
J).  =  —5"  ylli  =  0" 

The  orbit  is  as  yet  somewhat  uncertain,  owing  to  the 
peculiar  conditions  of  the  problem. 

Tlie  foHowing  ephemeris  for  Greenwich  mean  miduight  and 
mean  equinox  1890.0,  results  from  these  elements. 


Gr.  M.T. 

A  pp.  u 

A  pp.  A 

lof?  A 

Ur. 

1889  Dec.  24 

0  26  56 

+  22  24.5 

9.9059 

0.66 

26 

.■13  18 

22  55.4 

28 

40  44 

2."i  25.2 

.9183 

.61 

30 

4  7  43 

23  54.(1 

1890  .Ian.  1 

0  54  4(i 

24  21.9 

.9314 

.5(; 

3 

1   1  52 

24  48.8 

5 

9  0 

25  14.7 

.9451 

.52 

7 

16  10 

25  39.6 

9 

23  22 

26  3.5 

.9595 

.47 

11 

30  35 

26  26.3 

13 

37  49 

26  48.0 

.9743 

.43 

15 

45  4 

27  8.6 

17 

52  19 

27  28.2 

9.9897 

.39 

19 

1  59  33 

27  46.7 

21 

2  6  47 

28  4.0 

0.OO55 

.36 

23 

14  0 

28  2(1.2 

25 

2  21  12 

+  28  35.4 

0.0216 

0.32 

EPHEMEEIS   OF   YAEIABLES   OF   THE   ALGOL-TYTE. 


Approximate  (Jreenwich  M.T.,  18!t0. 


January  | 


FCygni 
U  Cephei 

Algol 
X  Tauri 
rCygni 
U  Coronae 
tf  Cephei 
7?  Can.  Maj. 
t^  Librae 

Algol 
Ji  Can.  Maj. 
C7  Cephei 
).  Tauri 
yCvsni 


li  Can.  Maj. 
R  Can.  Maj. 
S  Cancri 
7?  Can.  Maj. 
U  Cephei 
FCygni 
I  Tauri 
U  Coronae 
U  Cephei 
1^  Librae 
li  Can.  Maj. 
I'Cvsni 
iJCau.  Maj. 
U  Cephei 


huuiary 
ii      ii 

7  13 

8  16 

8  19 
'.'   19 

9  21 

10  11 

11  9 

11  18 

12  9 

12  20 
i;!     5 

13  11 

14  8 
14   20 


}.  Tauri 
It  Can.  Maj. 

Y  Cygu! 

li  Can.. Maj. 
C/Cepiiei 
B  Can.  Maj. 

Algol 
S  Cancri 
U  Coronae 
/.  Tauri 

Y  Cygni 
8  Librae 
U  Cephei 

Algol 


January 

d        h 

15     8 

15  11 

16  11 

16  15 

17  8 
17  IS 

17  18 

18  6 

18  16 

19  6 
19  11 
19  20 

19  20 

20  15 


January 


B  Can.  Maj. 
U  Cephei 
FCygni 
).  Tauri 
7;  Can.  Maj. 

Algol 
R  Can.  Maj. 
U  Cephei 
FCygni 
t/ Coronae 
7?  Can.  Maj. 

Algol 
8  Librae 
}.  Tauri 


22  8 

22  11 
2;!  5 

23  10 

23  11 
21  13 

24  20 

25  11 
25  14 

25  17 

26  8 

26  19 

27  4 


U  Cephei 
S  Cancri 
y  Cygni 
L'  Cephei 
R  Can.  Maj. 
7'  Can.  Maj. 
1'  Cviini 


f"  Cephei 
7?  Can.  Jlaj. 
R  Can.  Maj. 
8  Librae 
F  Cvgni 


Januarv 

d   "li 

27  » 

27  18- 

28  11 

29  19 

30  6 

31  9 
31  10 

Februarv 
1   7 

1  13 

2  16 

2  19 

3  10 


COREIGEXDA. 


No.  206,  p.  100,  col.  -J.  Hue  17,    for     ;/o 


-po     put     »/,,  = 


No.  207,  p.  11.'),  lines  17-10,  la.st  term  of  second  member,     for     P'a' ,  P',3' ,  !"■■/     put     P'ai  ,  P'Ji  ,  P'; 
p.  110,  Nov.  2G,  comet's  apparent  a,     for    SS^O™  29^63     put    23"  3""  29«.63. 
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NOTES  o:n^  fu>ji)a mental  KIGHT-ASCEXSIOXS. 

By  henry  F.VRQUH.VK.  Oiiici;  ok  IMikd  Statbs  Coast  Sukvkv. 
[Communicated  by  permission  of  tlie  Superintendent.] 

is  uot  admitted,  being  doubtless  accidental, 
the  stars  into  groups  shows  for 


The  right-ascensions  of  the  following  list  of  stars,  as  ob- 
tained from  the  Berliner  Jahrlmch,  gave  a  succession  of 
residuals  of  the  same  sign  through  an  e.Ktended  series  of 
U>ugitude-observalions  carefully  made  in  1888.  and  have  just 
been  examined  by  "le  under  direction  of  Mr.  ('.  A.  Schott, 
<;hief  of  tiie  Computing  Division  in  this  ofticu. 

The  systematic  corrections  applied  were  derived  from 
Publication  XIV^  of  the  Aslronomische  Gesellschaft  for  the 
<:atalogues  used  therein,  and  from  Appendix  .3.  IVashiiK/lon 
OhxerMUinnx  for  1870.  with  the  addition  of 

0'.0008  (1868—7') 
for  those  used  by  Prof.  Xewcomb.  As  Prof.  Boss,  in  nos. 
I'.lfi  and  ".'OO  of  the  Astronomical  Journal,  uses  a  very  differ- 
ent cqualion,  the  source  of  his  error  should  be  pointed  out. 
lie  (confuses  Dr.  Aiiwkus's  reduction  of  Bradley  with  the 
.■\.G.  standard  for  175,"),  wliich  differs  from  it  by  the  cor- 
rection ap|)lied  to  the  Greenwich  first  seven-year  catalogue. 
The  hy|)otiiesis  of  Dr.  Auwkks,  that  his  reduction  of  Bradley 
h:is  a  systematic  error  in  every  respect  identical  with  that  of 
.\iKY  in  1860,  appears  at  first  view  a  somewhat  fantastic 
one,  but  this  hypothcsi.s  is  nevertheless  the  basis  of  his 
proper-motions,  in  both  coordinates.  The  difference  between 
ArwKus  and  Newcomb  for  17;).')  is  therefore  -fO". 056,  the 
(torrectiou  applied  to  Dr.  Auweks's  prelimiiuiry  reduction, 
diminished  by  — 0".OI(>  (Newcomh's  correction  to  that  pre- 
liminary reduction),  and  increased  by  -1-0". 025,  the  mean 
value,  between  +'.iy  and  — 15'  declination,  of  the  correction 
applied  by  Di-.  ArwKus  (see  page  10  of  Publ.  XIV)  to 
(ircenwieh  1.H60;  total  +0".0!I1.  A  comparison  of  Nkw- 
<'oMirs  places  for  1875.  calculated  in  .Vppendix  ;>.  with  those 
of  the  .i.'.'.  in  Publications  XIV  and  X\II.  gives  this  dilTer- 
I'liee  liM  tlic  mean  ol'  ;>l  stars,  ./  ('aiiis  Mti/nris  beini;  un- 
avoidably rejected  : 
.ir/  — xV  =  _0".0(15.S  ±  ()'.O006 

—  (0".00077  ± O'.OOOOI )  (  r—  1 M75) 

A  periodic  eorreetion  to  the  proper-motions  of 
-|-(|-.0000l>cos  ,i  -l-0\0001  I  sin(j. 


•Separation  of 


8  stars  of  mean  decl.  -t-lT,.  1.  a  mean  ///  of  —0.00069 

8         ••  •'  +15.1  "  "  .00086 

•S        '•  '■  +   6.0  "  "  .00082 

7        '■  "  —16.0  '•  "       —0.00071 

so  that  the  difference  is  not  a  function  of  declination.  A 
constant  l;i  =r  — O'.OOOS,  within  the  limits  of  probable 
error  of  the  value  found,  exactly  satisfies  the  difference  of 
the  two  systems  for  1755  as  independently  deduced.  Dr. 
ArwEits,  in  the  Berliner  Jahrbitch  for  1884.  finds  a  difference 
between  the  A.G.  places  and  those  of  the  American  Eph^m- 
eris  for  1883.0,  of  ^bont — 0-.016  south  of  declination  +45'. 
This  would  indicate  an  agreement  in  186."?  instead  of  18()8. 
or  a  yearly  difference  greater  than  ()'.0008  ;  but  as  some  of 
the  Ephemeris  stars  "have  been  derived  from  recent  cata- 
logues without  a  rigorous  reduction  for  equinox,"  the  dis- 
crepancy is  probably  to  be  ascribed  to  the  influence  of  these. 
Kor  older  catalogues  not  used  by  Newcomu,  the  corrections, 
were  taken  from  the  reductions  to  the  Wolfers  systciu  in 
Ai£i;ei,ani)i.u's  Vol.  VII.  with  the  small  addition 

AG  —  W=  O'.OOOS  (1828— D 

which  might  have  been  omitte<l  without  considerable  error, 
as  those  catalogues  were  allowed  small  weight.  No  correc- 
tion was  made  to  the  Harvard  places  {Annals,  Vol.  XV. 
part  1 )  either  in  the  catalogue  of  121;>  stars,  or  in  the  ob.sor- 
vations  of  188,S-5.  To  Beckeu's  results,  and  Gkant'.s.  and 
.Vi-WEiis's  Bradley,  the  reductions  of  Greenwich  1S60  wen- 
applied.  Brussels  1865  received  a  special  discussion.  The 
places  of  fundamental  stars  are  given  in  the  preface  t4i 
Annalex  Aslronnmirjues,  Tome  VI,  and  ditTer  fnun  Nkw- 
roMii's  places  for  1865  {n  Cdnis  Maj.  being  rejected  as  be- 
fore) by 

N—Q  —   +0.046  +  0.031  cos «— 0.036  sin  .< 
.-.  AG  —  Q  =   +0.048  +  0.031  oos«  — 0.036  sin-^ 

that    is  to  sav.    bv    the   corrections  to    the    Greenwich  <-:it:i- 
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logues  exuggeraled.  No  vuiialioii  «itli  (lc't-liii:iti()n  ;  tbe  co- 
nHicient  j^iven  hy  calciiliitioii  was  loss  than  O'.OOOl  per 
degree.  Tlie  probable  error  of  a  liriissels  fiiudaiiieutal  place, 
correctfil  In-  above  formula,  is  ±0".014,  accidental  error  iu 
Newco.mu  supposed  null.  Corrections  from  Newcomb,  to 
star.s  nortli  of  +1.5°  decliTuition.  arc  ncccssaiily  more  or 
less  uncertain. 

The  weigiits  given  on  page  !«  of  Prof.  Nkwcomis's  paper 
were  used  where  there  were  25  observations.  For  stars  less 
frequently  observed,  tiiey  were  diminished,  in  about  the  pro- 
portion 1:1+.     Creenwich  1872  had  a  maximum  weight 

of  4;  (Uasgovv  1870  of  1.5;  Brussels  2.5;  Harvard  (each 
series)  3  :  I'ulkowa  1865  (from  Vol.  XII  of  the  Observations) 
7;  and  I'ulkowa  1871  (Zasatzsterne)  4.  For  Pond,  IIen- 
DEiwoN,  Robinson  and  Johnson,  the  maximum  was  from 
<(.»  to  0.8  :  the  weights  actually  used,  as  there  were  usually 
few  observations,  rarely  rose  to  half.  Piazzi,  to  whom  most 
of  the  errors  found  iu  the  A.G.  fundamental  places  are  due, 
is  given  but  0.1  for  all  stars,  Grooiiihridtje  the  same,  or  0.2 
when  the  star  is  observed  more  than  five  times. 

The  table  shows  the  results  obtained  :  to  being  the  weight 
determined  as  just  explained,  the  "  Kpoch"  a  weighted  mean 
of  the  authorities  consulted, 


2wr 


K^-2^) 


,  while  tOii 

The  correction  lias  the  form  la  +  (T — 1875), //<;  and 
to  improve  it  by  the  addition  of  a  new  authority,  of  weight 
w',  at  epoch  T'.  giving  an  appai-ent  correction  to  the  A.G. 
F.C.  of  .7'rt,  the  following  corrections  are  to  be  introduced, 
designating  numbers  in  the  third  to  seventh  columns  by  III 
to  VII,  aud  the  numbers  substituted  by  III'  to  VII': 
III'—  III  =^  «•' 

«:'(7"-IV) 


IV '  —  IV 
V    —V     = 


III 

100 


iir 

(7"— IV)(IV'— IV) 


vii'_vir  =  i£l^^__^J.Y.)  [./',,_vi_(r-i875)vii] 


VI ' 


VI 


,[j'„_VI-(r'-1875)VII] 
^^^  +(1875— IV')  (Vir— VII) 

For  example,  the  effect  of  rejecting  the  Greenwich  6-year 
catalogue  from  the  calculation  for  star  515  may  be  found  by 
substituting  in  these  formulas 

to'  =  —0.8,  7"  =   1853.7,  I'a  =  +0".3G6. 

Hence 
III' =  9,      IV' =  1862.7,      V  =  24.      VII' =  — O'.OOl'J, 
VI'==  +0'.023. 


F.  C. 

Desi.miation 

So. 

204 

/  Druconis 

209 

a  Coronae  Bor. 

220 

1)  Dracouis 

221 

tf  Ilercnlis 

472 

19  Ursae  min. 

224 

T  Herciilis 

473 

M  Herculin 

226 

.  If  Dracouis 

481 

X  Herculis 

244 

1  HercuUs 

255 

n  HercuUs 

486 

Groomb.  2533 

261 

r  Lyrae,  4  sp 

262 

£  Lyrae,  5  m 

494 

I  Lyrae 

496 

^^  Lyrae 

289 

7  Cygni 

505 

6  //  Ce}}hei 

515 

VMICephei 

22 


Epoch 

^w. 

100 

1860.9 

40 

50.9 

356 

56.2 

95 

61.3 

28 

66.7 

21 

61.9 

48 

68.3 

16 

59.3 

72 

52.9 

102 

58.0 

113 

60.3 

100 

66.2 

10 

49.8 

126 

46.6 

114 

64.3 

104 

64.6 

60 

51.8 

213 

60.6 

20 

1862.0 

25 

J« 

+  0"033 

—  .003 

—  .038 
.087 
.047 
.041 
.024 
.110 
.015 
.012 
.009 
.036 
.016 
.009 
.008 
.019 

—  .010 
+  .035 
+  0.038 


J."- 

+  o'.0O08  1 

— 

.0002 

— 

.0021 

'+ 

.0056 

+ 

.0063 

+ 

.0036 

+ 

.0050 

— 

.0086 

+ 

.0011 



.0001 

.0000 

+ 

.0054 

+ 

.0022 

+ 

.0008 

— 

.0002 

+ 

.0016 

.0000 

+ 

.0037 

— 

3.0026 

The  "Remarks"  include  corrections  to  the  F.C.  proper- 
motions  from  investigations  made  since  its  publication,  also 
a  few  noteworthy  residuals.  For  the  star  in  Newcomb's 
tables,  his  places  were  corrected  by  the  formula,  aud  repre- 
sented in  the  equations  by  two  weights  of  20  each,  at  epochs 
respectively  1824  aud  1870,  being  thus  combined  with  data 
since  published.  For  the  stars  t  Lyrae,  the  ancient  authori- 
ties were  numerous,  though  somewhat  discordant.  Apply- 
ing the  corrections,  we  have  ,a  for  e  4  =  O'.OOOO  and  for 
£5  =  +0*.0003,  differing  by  less  than  the  probable  error. 
As  there  is  similar  agreement  of  proper-motions  iu  decliua- 


Keniarks 

An  by  Piilk.  Vol.  12.  +0».0020 ;  resitl.  f  m  do.  (wts.7,3)  — 0".033 

Res.  from  corr.  Newc.  (wts.  40,218)  O'.OOOl  (7"— 1810) 

Res.  Poncl(wts.0.4,4)— 0«.26;  fm  Harv.'85(wts.l.5,12)— OM35 

J/i  by  Pond  v.  12,  +0».0020;  res.  from  Piazzi  +0».33 

Res.  from  Pond  (wts.  0)  — 3*. 72 

J^  by  Pond  v.  12.  +0«.0030 

Kes.  from  Piazzi  +0\41 

Jji  by  P.  v.  12,  — 0^006;  res.  from  Piazzi  — 0'.53 

Jli  by  Auwers's  Bradley  v.  3.  ±0«.0009 

Ju  by  Auwers's  Bradley  +0-.0001,  by  P.  v.  12,  +0".0005 

Jfi  by  .Auwers's  Bradley  and  P.  v.  12,  +0''.0003 

Res.  fm  B.  (wts.0.8,72)+0'.  13  ;  fm  Piaz.— 0M2 ;  fm  Grb.— 0».27 
Res. fill  B.(wts.0.8,G7)  +0-M1 ;  fm  Piaz.  — 0».43ifmGrb.— 0'.21 

Res.  from  Brad.  (wts.  0.2,24)  +0M5 

(Res.  from  Grw.  1850  (wts.  0.8,1)  +0^273;  from  Piilk.  1871 
\      (wts.  4.0,3,  sole  authority  in  F.  C.)  — 0«.049 

tion,  it  is  quite  probable  that  the  whole  group  has  a  common 
drift,  nearly  due  northward.  Each  of  the  stars  is  supposed 
to  have  been  observed  as  one  object,  unless  otherwise  stated. 
The  observed  point  of  the  pair  ^4  is  taken  at  one-third  of 
the  distance  (OMl  in  R.A.)  from  the  sp  to  the  »i/ compo- 
nent, and  that  of  =5  (dist.  0M6  in  R.A.)  at  midway. 

Results  giveu  by  Mr.  Chandler  in  Vol.  XVII  of  the  Har- 
vard Annals  were  not  included  iu  this  computation.  He  finds 
for  Nos.  472,  224,  226,  J«  =  +0^312,  +0M18,  — 0M77  ; 
residuals  therefore,  taking  his  epoch  as  1885.5,  +0M99, 
+  0^039,  +0S023. 
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Pi'of.  Newcomb  adopts  (page  2;!  of  Appendix  o)  acoirectiou 
of  +0".030  to  tlie  preliminary  right-ascensions  of  Auwers's 
ri'dnction.  on  the  authority  of  Uessel,  from  Hijaulev's  sun- 
(ihservations.  If  for  this  is  substituted  the  value  of  +0".0r)6, 
linally  used  by  Adwers,  the  fiist  conditional  equation  on  page 
■^•^  becomes  a;'— 0".64)/'  =  +0".09.  The  effect  of  intro- 
iliicing  tins  change,  and  at  the  same  time  reducing  Pia/.zi's 
weight  in  the  adjustment  to  1 ,  is  to  give  for  x'  +0".024  in 
the  solution  instead  of  +0'.016,  and  for  y'  — 0'.038  instead 
of  — ()".00y.  Applying  these,  the  system  would  be  corrected 
by  +0".()08  — 0'. ()()(«(  7'— 1820),  or  0". 0003  (1847— T), 
leaving  the  A.G.  system  with  an  outstanding  correction  of 
0'.000r)(7' — 1881).     No  inference  from  this  result  seems  to 


be  called  for,  but  it  is  believed  to  be  not  without  interest ; 
the  more  particularly  iu  view  of  the  near  agreement  with  it 
of  deductions  from  nine  years'  recent  observations  of  the 
sun  at  Washington  (see  Monthly  Xotices,  Vol.  XLIX,  No.  9). 
Dr.  ArvvEus  in  the  Erliinteningen  to  the  A.G.F.C.  says 
that  ••  the  proi)er-niotions  will  still  be  the  weak  point"  in  it. 
Confirmation  of  this  is  given  in  the  table  above,  where  the 
same  sign  is  found  for  la  and  .In.  The  .la  deduced  for 
the  epoch  in  the  fifth  column  of  the  F.C.  exceeds  a  sixtieth 
of  a  second  in  but  two  cases:  -|-0'.022  for  No.  204,  where 
his  catalogue  of  greatest  weight  is  discordant,  and  +0'.049 
for  No.  5 IT),  where  he  depends  on  but  one  authority. 


OCCULTATTOX   OF   JUPITER,   1880   SKl'THMUKR   3. 

liv   WILLIAM   DAWSON. 


The  disappearance  of  the  satellites  was  more  nearly  in- 
stantaneous than  I  had  expected,  seeming  nearly  as  much 
so  as  a  star.  During  immersion,  the  edge  of  the  moon  was 
sharply  marked  on  the  planet,  with  no  appearance  of  any 
sliadv  band. 


OccultHlid 

n  of  Sa 

ellit, 

111 
II 
l\- 
1 

8  39   40 
8  44   17 
8  49   28 
8  53     3 

Occultalion  of  Jupiter 

First  contact  8  5o"'20 

Second   '■  8  51    13 

Fourth    '•  9  53   10? 

Tiie  error  of  local  time  can  hardly  exceed  five  seconds. 

Approximate  latitude  =  39°  50';  long.  =  85°  25'. 

Sjuceland,  f7idia»a. 


FII..\II-MICROMLTEli   OliSlOin  A'L'K  )NS   OK   COMETS   1880 /' AND  (7, 

MADK  wrrn  thk  Il'-iNcn  Kfj'jAToiiiAi.  ok  tuk  i.ick  oiiskuvatoicv. 
By  E.  K.  BARNARD. 


l««S)Mt.  Uiui 

iltonM.T. 

* 

No. 
j    Comp. 

.Ja        1       jS 

6^'s  appiuviit 
a                       8 

log 

for  a 

j     fora 

Comet/ 1889  (Swiit). 

Dec.  13 

9    17     5 

fi 

1         ^ 

"' 

—6   17.5 

+  19  29  31.0 

0.525 

9  3()  55 

fi 

i       20 

+  1       1.05 

23  51    4G.01 

9.021 

!.') 

9   27   13 

7 

1    14,5 

+  0   1G.76 

—0     3.9 

23  58     2.93      +20     3  31.1 

9.5(57 

0.530 

Dec.  15 

7    18  39    1 

1 

,     13  .  7 

COMKT  (J 

1     +0  2fi.41 

1889  (Bokkeu.v). 

9.816 

1  0.684 

1    —7  54.2    1    18    10  .50.11    |  +45  30   10.2 

a 

23'50"39".98 
23  57  44.10 
18   10  24.59 


Mi'dih    l*litas   for   ISSil.O  of'  ('(ini/i(iris(>ii-S/iir.-<. 

r.  I       Ueil.  to 

O  ,,„„.  „i,„.,.  \ulh..nl> 


Red.  to 
app.  place 


+  1.98  +19  35  28. C.     !      +19.9     I      Weisse's  Ues.-^el  XXII 1.  1022 

+  2.07     I     +20     3   15.2  +19.8  '•  ••       XXlIl.rJd-.i 

—0.89  +45  38     0.5  +    3.9  l.alande  33(589 


OoMivr  Swii'i'.  C'oMKn'  HoiiUKi.i.v. 

Iter.    I:!.     .\ii-   siiliiiiilcMl  Willi    iiKiisUiiT.      OI)srrviili<)ii   (lllllciill ,  Dec.  1.').     Coiiict  aliont  1",  diani.     Roniul.  nr:iilu!ill>  l«ri:;hlfr  hi 

bill  midil.  niiildic,  10th  or  mil  nm^.     No  nucleus. 

Dee.  ir..     Llj.;lil  '<f  inMi|iaiisiiii-siai-  iiitrrfi  mimI  willi  llir  JA.     oli-  Continuous  stormy  weatlier  lias  |>rcveiiiril  any  oiln-r  oliscrvation-* 

servatioiis  gooil.  of  these  comets. 
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N"  -iO'J. 


In   Units  ok  SKvr.Nrri   I'i.ach, 


TABLE   OF   //  log////, 

AncrMKNT  h  IN  Units  ov  tiik  Koikth  kih:  (' 
By  Rkv.  GEORGE  M.  SEAHI,i;. 
(iSeep.  112.) 


)M1'1TAT1iiN    Oh     ////    HV 


Mktikih 


h 

»  iff. 

A 

niff. 

h 

Ditr. 

h 

Diff. 

h 

Diir. 

/■ 

Diff. 

h 

Dill. 

// 

DitV. 

0 

0 

30 

1200 

60 

2702 

90 

4498 

120 

6583 

150 

8948 

180 

11588 

210 

14498  1 

1 

35 

31 

1245 

61 

2757 

91 

4563 

121 

6657 

151 

9032 

181 

11681 

211 

14599 

•; 

70 

32 

1291 

62 

2813 

92 

4628 

1^2 

6732 

152 

9116 

182 

11774 

212 

14701 

3 

106 

33 

1337 

63 

2869 

93 

4(;94 

123 

6807 

153 

9200 

183 

ll.s(;7 

213 

14803 

4 

U2 

34 

1383 

64 

2925 

94 

4760 

124 

6832 

154 

9284 

184 

11961 

214 

14906 

5 

179 

35 

1430 

65 

298 1 

95 

4826 

125 

6957 

155 

9369 

185 

12055 

215 

15008 

6 

216 

36 

1477 

66 

3()3.S 

96 

4.si)2 

126 

7033 

156 

9454 

186 

12149 

2 1 6 

15111  ' 

7 

253 

37 

1524 

67 

3095 

97 

4959 

127 

7110 

157 

9540 

187 

12243 

217 

15215  , 

8 

290 

38 

1572 

68 

3153 

98 

5026 

128 

7186 

158 

9626 

188 

12338 

218 

15318  i 

9 

328 

39 

1620 

69 

3210 

99 

5094 

129 

7263 

159 

9712 

189 

12433 

219 

15422  1 

i 

10 

.'>(;6 

40 

166S 

70 

3268 

100 

5162 

130 

7340 

160 

9798 

190 

12529 

220 

15526 

II 

U).') 

41 

1716 

71 

3327 

101 

5230 

131 

7418 

161 

9885 

191 

12624 

221 

15631 

12 

444 

42 

1765 

72 

3386 

102 

5298 

132 

7495 

162 

9972 

192 

1 2720 

222 

15736 

13 

483 

43 

1814 

73 

3445 

103 

5367 

133 

7573 

163 

10059 

193 

12817 

223 

15841 

14 

522 

44 

1864 

74 

3504 

104 

5436 

134 

7652 

164 

10146 

194 

12913 

224 

15946 

lo 

562 

45 

1914 

75 

3564 

105 

5505 

135 

7731 

165 

10234 

195 

13010 

225 

1 
16052  1 

16 

602 

46 

1964 

76 

3624 

106 

5575 

136 

7810 

166 

10322 

196 

13107 

226 

16158  ' 

17 

643 

47 

2015 

77 

3684 

107 

5645 

137 

7889 

167 

10411 

197 

13204 

227 

16264  i 

18 

684 

48 

2066 

78 

3745 

108 

5715 

138 

7968 

168 

10500 

198 

13302 

228 

16370  1 

19 

725 

49 

2117 

79 

3806 

109 

5785 

139 

8048 

169 

10589 

199 

13400 

229 

16477  1 

20 

766 

50 

2168 

80 

3867 

110 

5S56 

140 

.SI  29 

170 

10678 

200 

13499 

230 

16584 

21 

80H 

51 

2220 

81 

3929 

111 

5927 

141 

H209 

171 

10768 

201 

13597 

231 

16691 

22 

850 

52 

2272 

82 

399  1 

112 

5999 

142 

8290 

172 

1 0858 

202 

13696 

232 

16799 

23 

893 

53 

2325 

83 

4053 

113 

6071 

143 

8371 

1  73 

1094.S 

203 

13795 

233 

16907 

24 

936 

54 

2378 

84 

4116 

114 

6143 

144 

8453 

174 

11039 

204 

13895 

234 

17015 

25 

979 

55 

2431 

85 

4179 

115 

6215 

145 

8535 

175 

11130 

205 

13995 

235 

17124 

26 

1023 

56 

2485 

86 

4242 

116 

6287 

146 

8617 

176 

11221 

206 

14095 

236 

17232 

27 

1067 

57 

2538 

87 

4306 

117 

6361 

147 

8699 

177 

11312 

207 

14195 

237 

17341 

28 

1111 

58 

2593 

88 

4370 

118 

6434 

148 

8782 

178 

11404 

208 

14296 

238 

17451 

29 

1155 

59 

2617 

89 

4434 

119 

6509 

149 

8865 

179 

11496 

209 

14397 

239 

17560 

OBSERVATIONS     OF     COMETS   d   AXD  g    1889. 

.m.vdk  .\t  tiik  i'.s.  nmv.vl  obseuvatory  with  the  'j.fi-ixch  equatokiai.. 

By  Prok.   E.  FRISBV. 

[Communicated  by  the  Superintendent.] 


1889  Washington  M.T. 

* 

No. 
Com  p. 

/Ja 

-* 

S^'s  apparent 

1       s 

logpA 

torn   1  for,! 

Come- 

•  (1   (Brooks) 

jSov.23  9  36  41.6 

1 

16  ,  4 

—0  21.44 

+  3  51.0 

z3  53  59.82 

-f  0  32  32.1 

9.347 

0.738 

Dec.  20  10  6  42.8 

2 

20  .  2 

—1  0.87 

—7  9.8 

0  25  31.82 

+58  52.5 

9.579 

0.712 

21  7  13  7.0 

2 

•18  ,  4 

+  0  9.75 

+  2  21.0 

0  25  42.43 

+  5  18  23.5 

9.003 

0.70O 

23  8  53  19.1 

3 

20  ,  4 

—0  33.13 
Comet 

+  5  11.6 

y   (BOKKELI.V 

0  28  34.95 

) 

+  5  40  59.0 

9.463 

0.695 

Dec.  23  7  2  56.3 

4 

14  ,  3 

+  1  18.53 

+  0  12.6 

18  19  52.82 

+  36  51   7.2 

9.745 

0.539 

24  7  10  24.6 

5 

20  ,  4 

+  0  57.32 

+  0  43.:! 

18  20  58.86 

+  35  39  34.2 

9.635 

0.748 

26  7  11  39.3 

6 

20  ,  4 

—3  4.21 

—4  48.1 

18  24  6.89 

+  33  28  26.1 

9.721 

0.760 

N"  209. 
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Mtaii   Places  for   /SS.'J.O  of  (Jomixirimn-Stars. 


* 

a 

Red.  to 
app.  place 

S 

Red.  to 
app.  place  , 

Authority 

1 

2 

3 
4 
5 
6 

23  54  19.08 

0  25  30.59 

0  29     5.97 
18  18  34.37 
18  20     1.73 
18  27  11.29 

+  2!l8 
1+2.10  1 
1  +2.09  J 

+  2.11 

—0.08 
■  —0.19 

—0.19 

+  0  28  16.3 

+   5   15  48.2 

+   5  35  33.1 
+  36  50  51.7 
+  35  38  48.8 
+33  33  11.0 

+  ]4''7     1 
(  +14.2) 
(+14.3) 

+  14.3 

+    2.9 

+    2.1 

+    ."..2 

Yarnall  (F)  10895 

Weissp's  Bessel  (1)  O  390 

Appiox.  place  Wasli.  Tr.  C. 
Weisse's  Bessel  (2)  XVIII  V.i'J 

XVII  I. '.^H 

XVIII  754       j 

OBSERVED    MAXIMA    AM) 


MINIMA    OF    SllOiri" 
SAGITTAIUUS. 


I'KKIOI)    V.\inABLES    I^' 


B  Y  P  A  V  I.  S 
Tbp  observations  given  l)elow  wcie  undertaken  during  the 
lia>t  stiinnier,  in  continuation  of  the  series  of  observations  of 
the  stars  of  this  interesting  group,  tiie  results  of  wJiich  for 
the  summer  of  1888  have  been  published  in  this  Journal, 
Vol.  VIII,  p.  119.  The  great  prevalence  of  cloudy  weather 
(luring  the  season,  has  made  the  dififereut  series  so  iiregular 
and  broken,  that  scarcely  any  results  were  obtained  by  the 
usual  nielhod  of  reduction  by  the  single  light-curves  :  conse- 
([uently,  in  the  absence  of  any  standard  mean  light-curves  of 
these  stars,  a  resort  was  necessary  to  the  use  of  such  mean 
c-urves  as  could  be  deduced  from  the  small  number  of  obser- 
vatious  accumulated  during  this  season  and  that  preceding. 
These  curves  are  strictly  provisional  in  character,  and  as 
such  are  not  given  here. 

The  low  weights  assigned  to  many  of  the  observed  times 
are  due  to  the  scattered  character  of  the  observations  ;  a 
single  observation,  or  two,  being  frequently  all  that  are 
available  to  indicate  the  ])hase. 

The  observations  of  V  Sagittarii  are  here  included,  al- 
though  an  object  of  (piite  another  class,  principally  because 
they  were  undertaken  simultaneously  with  those  of  L'';  the 
star  being  in  the  same  field  of  the  telescop.'.  and  the  same 
comparison-stars  being  used. 

A'  ScKjittarii. 
This  star  is  uo.  6368  of  Ciiandi.kk's  catalogue.  Between 
.lune  17  and  Sept*n)ber  27.  thirty-one  observations  wore 
secured,  from  which  the  following  observed  times  of  maxi-  | 
uunn  and  niiuimum  were  deduced  by  the  application  of  a 
Mieau  light-curve,  formed  from  all  the  observati<Mis  obtained 
in  1.S88  and  1889. 

Maxi.m.\  w 


y  KX  1)  K  I.  1.. 

11'  Sarjittuiii. 
Of  this  star,  which  is  uo.  6472  of  Ciianiii.er"s  catalogue, 
thirty-four  observations  were  made  from  Juue  17  to  Sept.  27. 
which  yield  the  following  maxima  antl  minima  by  the  appli- 
cation of  a  mean  liglit-curve. 


M.AXIMA 

1881'  June  18.2 

w 
3 

1889 

Minim 
June 

23.3 

w 
2 

29.0 

3 

Julv 

1.4 

1 

Julv     4.9 

2 

9.0 

1 

18.9 

2 

15.8 

2 

25.9 

:i 

24  2 

3 

Auu.    3.0 

1 

10.!) 

1 

17.4 

2 

26.2 

3 

Sept.  17.3 

I 

889  June 

15.7 
23.5 
30.6 

1 

3 
3 

July 

C.7 
14.4 

2 

3 

Aug. 

12.4 

3 

17.9 

3 

26.1 

Minim 

1.><HSI  June 

20.7 

.Inly 

■l.'.i 
I'.i   1 

21.1 

Aug. 

16.0 

L>i).9 

Sept 

26.-.> 

Y  SwjUtarii. 

No.  6573  of  CiiASi)i.Eu's  catalogue.  From  June  8  to  Oct. 
IH,  forty-three  observations  were  obtained,  the  maxima  and 
minima  deduced  from  which  are  as  follows  : 


Maxima 

1889  June  20.3 

Julv      1.5 

6.7 

lis. 4 

23.8 

Ausr.    4.9 

10.8 

!.■).!• 

22.1 

28.5 

Sept.  17.5 

24.3 


Minima 

1889  June  17.9 
24.3 
29.4 

Julv  16.4 
21.3 

Aug.  20.3 
30.3 

Oct.  10.3 
17.8 


V  Sagitlurii. 
This  star  is  Chandlkk's  no.  6633.  lis  light-Huctuations 
during  the  seasiui  have  been  marked  .•iiid  irregular.  It  was 
first  observcti  June  30,  when  it-s  light  is  i'stiuiat<>d  to  have 
been  "".6:  it  decresised  slowly,  and  passed  a  minimum  of 
8''.0  oil  July  6,  after  which  it  rose  to  7". 5  about  July  24  ; 
on  August  4.  when  next  observed,  it  wsis  t.nly  7*. 9.  but  rose 
again  to  '"..'>  on  the  16lh;  was  obsrrvetl  again  at  7". 9  on 
the  22d.  after  which  it  rose  ipiickly  and  pa.ssed  a  maximum  of 
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N"  20'.». 


given  liy  Si  iicis)  Kin.  anil  wliicli,  lliouj^li  ImmUh-s  not  disljnctly 
.saj'  so,  is  piolmlily  Sciimikt's  uslinmtv  :  in  llie  Calaloij  the 
uKixinHini  liglit  is  ariven  as  7".0  ;  I  have  never  observed  it 
above  7". 7.  'I'lie  star's  brif<l)t  orange  color,  howevei-.  makes 
its  lighl  ilillieiilt  to  estimate. 


M.WIMl 


7".:!  about  Angusl  2H.  Kroni  this  date  it  slowlv  deeliiled 
with  some  (biclnations  to  H"..'!,  al  whieh  its  light  was  esti- 
mated at  the  lust  observation  on  October  18.  Twenty-nine 
observations  were  made  in  all  ;  the  star  is  dinienit  of  obser- 
vation, owing  to  its  place  near  a  bright  star. 

U  Sa(jiU(trii. 

'I'his  star,  which  is  ("iiANOi.r.u's  no.  6fi3(i,  was  followed 
with  great  interest,  and  observed  as  often  as  possible  ;  be- 
tween .Tnne  IH  and  October  18,  thirty-live  observations  were 
obtained,  from  which  fourteen  maxima  and  eight  minima 
were  deduced  by  the  use  of  a  mean  light-curve,  and  are  given 
below. 

The  observed  light-range,  as  noticed  in  the  case  of  X  Sagil- 
tarii  (Vol.  VIII.  p.  119),  falls  far  short  of  that  indicated  by 
ScHoNFEi.i)  in  his  Zweiler  Cdlalog,  the  extremes  ol)served 
being  estimated  at  7".?  at  maximum,  and  8'".4  at  minimum, 
a  range  of  seven-tenths  of  a  magnitude  only,  as  against  1".3 

Dorrlipnter,  3fass.,  188!t  No^jember  2. 

Ill  N ( J -M 1  ( ; IIOM E' I' VM   ( )BSEKV ATION S   OF   COME1^  d  1  SSi i. 

MADH    AT   WW.  SIlATTrCK    OHSEIiVATOUY   OK   UAinMOlTIl    COI.I.F.GK, 

By  EDWIN  B.  FKOST. 


188'.(  .lune  IK. 4 

23.1 

:!0.i; 

.Inly     fi.'.l 

14. ti 

21.fi 

Aug.    :;.G 

IC.O 

Sept.    (i.-l 

l!».:i 

Oct.    .).:! 

17.0 

Minima 

ii 

1Mh;(  .June  21.3 

.Inlv    17.:t 

21.  N 

Aug.  21.1 

Sei)t.    2.(; 

17.3 

30.7 


Oct. 


r.3 


1889  Greenwich  M.T. 

* 

No. 

#- 

-* 

^'s  apparent 

logpA 

Comp. 

Ja 

j8 

a          1            S 

for  a 

for  fi 

d        h         in        > 

Aug.  22    17  35  51 

a 

4 

+  o"' 15.01 

—13  22''2 

o'    7"'48!90 

—6     4  39.2 

9.164 

0.823    1 

Oct.    21     15  21      7 

b 

8  ,  6 

—0  27.18 

—  4  21.6 

23  40  22.23 

—3  41     0.0 

8.989 

0.808    1 

15  31   12 

c 

8  ,  2 

+  1   28.28 

-1-   6  15.9 

23  40  21.63 

—3  40  54.9 

8.989 

0.808    ' 

23     15  53  23 

d 

8  ,  7 

+  0  32.93    . 

—12  37.6 

23  40  16.08 

—3  26  30.1 

9.218      0.802 

24    16   10  23 

d 

16 

-1-0  32.40 

—  6  45.1 

23  40  15.52 

—3  20  37.7 

9.311       0.804 

25    15  26  26 

d 

a 

-f-0  34.69 

—  0  38.8 

23  40  17.77 

—3   14  31.4 

9.135      0.805 

the  concctiou  for  refraction  has  been  considered  insignificant,  I        The  correction  for  projui-niotiDii   has   also   been   foiiiul    t( 
and  has  only  been  applied  to  the  declination  on  Aug.  22,  when  it      entirely  insignificant, 
amounted  to  0".?.. 

Hanover,  .V.W.,  1889  December. 


ELEMENTS   OF  THE   COlSlET  g  im9  {BORRELLY), 

By  GEORGE  A.   HILL. 

Froni  the  position  telegraphed  by  Prof.  Haknakd,  one 
kindly  furnished  me  by  Mt.  Wendell,  by  permission  of 
Prof.  PiCKEiuxG,  and  one  by  Prof.  Frisby,  I  bave  computed 
the  following  elements  of  this  comet. 

The  orbit  is  only  approximate,  as  the  period  between  the 
first  and  third  observations  is  but  ten  days.  '  lo2  '/  =  9.437828 

Naval  Observatory,.  Washington,  1889  Dec.  31. 


T  =   1890  -Tanuaiy  26.832 

2   =     12°  16'  14"  I 

n  =  209  38    49  1  Mean  Equinox 

(0  =   197  22    35  j  1890.0 

/  =     57  35    44  I 


N"-  209. 
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(OBSERVATIONS  OF  COMET  cL  1881)  {UROOKS), 

madk  at  thk  u.s.  naval  obskkvatoity, 

By  a.  H.VLL. 
[Cominunicated  by  the  Superinteudent.] 


1889  Washington M.T. 

* 

No. 
Comp. 

#- 
^a 

-* 

^8 

#'sa 
a 

)par(Mit 

8 

I"S/'A 
for  a     1    for  ^ 

Dec.  12  7     0  10.7 

1 

16  ,  5 

+  2"'53!'62 

+  l'  2l".0 

0   13  59.47 

+  3  41   25.2 

1                 1 

8.437  \  0.703 

13  6  37     6.7 

2    . 

16  ,  5 

—1   25.67 

+  5     4.3 

0  15  13.82 

+  3  51   52.5 

n8.130 

0.701 

14  7  23  30.0 

3 

16  ,  5 

—3  17.59 

—1  42.9 

0  16  30.62 

+  4     2  44.5 

8.926 

0.700 

21  5  58     9.4 

4 

20  ,  6 

+  0     5.77 

+  1   44.9 

0  25  38.46 

+  5  17  47.5 

n«.693 

0.685 

22  6     0  29.2 

5 

20  ,  6 

—0     4.27 

+  1   38.1 

0  27     1.21 

+  5  28  40.3 

nS.597 

0.683 

23  6  4  7  22.5 

6 

16  ,  5 

—0  41.59 

+  4   12.1 

0  28  26.5 

+  5  39  59. 

8.774 

0.681 

Mea7i  Places  for  1889.0 

of  Comparison-Stars. 

* 

a 

Ked.  to 
app.  place 

8 

Kcd.  to 
app.  plact 

Authority 

1 

0  11     3.74 

+  2.'ll 

+  3  39  49.7 

+  14.5 

Bonn  Observations 

2 

0  16  37.36 

+  2.13 

+  3  46  33.8 

+  14.4 

" 

3 

0  19  46.08 

+  2.13 

+  4     4   13.0 

+  14.4 

i. 

4 

0  25  30.59 

+  2.10 

+  5   15  48.3 

+  14.3 

Weisse's  Hessel  0  390 

5 

0  27     3.38 

+  2.10 

+  5  26  47.9 

+  14.3 

"      0  422 

6 

0  29     6.0 

+  2.1 

+  5  35  43. 

+  14. 

DM. +5°  73,  approximate 

OBSERVATIONS  OF  COMET  d.  1889  {BROOKS), 

ir  thk  hai.stkd  obsekvatoky,  with  thk  23-inch  kquatokiai,  and  squaiik-bar  micrumktkk, 
By  Puof.  C.  a.  young. 


188!)  Greenwich  M.T. 

* 

No. 
Comp. 

.la 

-* 

#sa 
a 

iparent 

.    8 

Dec.  19  11  35.9 

1 

14 

+  i"  24^40 

—5  35.9 

o"  23"  58  ."2 

+  4  56.3 

21    12  53.3 

■> 

12 

—0     2.05 

—2     7.7 

25  45.5 

+  5   18.8 

22    12  38.8 

3 

12 

+  0     1.20 

+  2  25.2 

27     6.6 

+  5  29  27.1 

23    14    10.  i 

4 

13 

+  0     4.39 

+  0  25.3 

28  33.9 

+  5  41.5 

14    10.4 

.■, 

13 

—  1   39.21 

—4     8.8 

28  34.3 

+  5  41.6 

25    12   29.9 

6 

13 

—1     3.60 

—3  50.5 

31    14.0 

+  6     2.2 

12  29.9 

7 

13 

—1   35.28 

+  5     8.3 

31   17.8 

+  6     2.2 

27    11    IC.O 

8 

6 

—0  35.03 

+  3  28.3 

34     4.0 

+  6  23.7 

1  1    .'.O.l 

8 

6 

—0  34.07 

+  3  40.5 

0  34     3.0 



+  6  23.9 

log 

PA 

lor  a 

font 

8.192 

0.708 

9.242 

0.707 

9.220 

0.695 

9.539 

0.720 

9.171 

0.699 

8.505 

0.692 

8.640 

0.692 

Mean  Placet 

for  1889.0 

of  Comparison- Stars. 

* 

a 

Ked.  to 
app.  place 

8 

Red.  to 
app.  place 

.\uthorily 

1 

0  21   31.7 

+  2!  08 

+5    1.7 

+  14.3 

Arnehuuk-r,  DM.  4 '55 

■> 

25  45.5 

+  2.09 

+5  20.7 

+  14.3 

"      5°63 

;! 

27     3.31 

+  2.10 

+  5   26  47.6 

+  14.3 

Weisse's  Hessel  O  422 

4 

2.S   27.4 

+  2.10 

+  5  40.9 

+  14.3 

Arsielaniler,  DM.  5''7I 

;> 

;i(l    11.4 

+  2.11 

+  5  45.5 

+  14.3 

~"     5''7(i 

6 

32    15.6 

+  2.10 

+  6     5.8 

+  14.2 

"     5''80 

7 

32  51.0 

+  2.10 

+  5  56.9 

+  14.2 

"     5^S1 

8 

0  34  36.9 

+  2.09 

+  6  20.0 

+  14.2 

"     6'"'88                      j 

The  second  observation  of  Dec.  27  was  made  by  Mr.  E.  B.  FitosT. 
The  coniel  wiis  <'iisily  observable  on  every  niiiht  exeeptin;;  Dee. 
'.  wlien  the  nuioiiliirlit  interfered. 


I'rh, 


ce  o». 


X.J..  INiK)  ./,(«.   1. 


On  Dex:  V^  and  21,  the  tail  wa.s  about  3'  In  length,  the  head  small 
and  wi'll  condensed. 

The  places  of  the  coniparisoiistars  tal<en  from  tlie  PurchmustrruHg 
are  reduced  only  willi  the  corn'sponilini;  desree  of  .accuracy. 
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I'll  K     A  Sll{()  N  (•  M  I  <    A  1.     .M)  I    li  N  A  I.. 


N"  20'.». 


h]LEMKN'l'S    AM)   IIIMI KMHKIS 

liv  \V,  \V.  ( 
'riii'sc  uli'iiR'iils  .-mcl  ('|ilii'iiii-i'is  linvo  lici'ii  ohliiiiiLMl  from 
observiitioiis  iiiiulc  ;il.  Mi>iiiit  Iliunillon,  Dec.  15,  :in(l  iit  Ann 
Arbor,  Dec.  27  .•iiid  .l:in.  I.  The  eoiistiints  refer  to  the 
iiuMii  i'i|iiin()x  IS'.tO.d.  The  lirifihtncss  :il  discovery  is  the 
Miiil  ciii|il(>yi'cl. 

From  llie  iipproximiilc  positions  for  Vi'.h.  10  iind  Veh.  20, 
it  appears  that  oliservers  in  the  sontiiern  hemispiiere  may  he 
al)le  to  see  il  after  perihelion  passage. 

T  =  (Jr.  M.T.  l.silO.lan.  •.'(;'.  l8()-i7 

i»  =   199°  51'  4;V'.2  ) 
Q   =       8     29     17  .0  ^  1, SIM). II 
/  =     56    44    39  .0 ) 

los;  q  =  9.430872 
(O— C),     cos,-i'./;.'  —    +.5". 3 
Ann  Arhnr.   IS'.K)  .fmiinirii  I. 


/,S'  ;^    +0".l 


OF   COMK' 

'  (/    1'^ 

S<»    iliOh 

HEI.LY) 

■AMl'HKM.. 

I" 

i'iii;.Mi:ui-   KOK  (Ikkknw 

(11   .Mkan 

TiMi:. 

(Jr.  M.T 

.\ 

.p.  <£ 

A  pp.  ,1 

1"K  .• 

1..-  A 

Ur. 

IKW 

II 

III 

O               1 

Jan.  11.5 

IS 

40    14 

+   8     7 

9.7248 

9.9040 

7.9 

12.5 

41    38 

6      1 

13.5 

43    10 

3  58 

9.0848 

9.9026 

9.8 

14.5 

44   50 

+    1    48 

15.5 

4G  42 

—  0  25 

9.6413 

9.9036 

11.7 

1G.5 

48  4  7 

2  45 

17.5 

51      9 

5    10 

9.5946 

9.9074 

14.2 

18.5 

53  52 

7  ;ifi 

19.5 

18 

57     0 

10     5 

9.5458 

9.9148 

17.2 

20.5 

19 

0   .".7 

12  35 

21.5 

4    5(( 

1 5     5 

9.4982 

9.926(i 

20.3 

22.5 

9  46 

17  34 

23.5 

15  29 

19   58 

9.4579 

9.9430 

22.7 

24.5 

22     5 

22   15 

25.5 

29   31 

24   23 

9.4340 

9.9636 

23.0 

26.5 

37  51 

26   19 

9.4309 

9.9751 

22.2 

27.5 

19 

46  56 

28     0 

9.4342 

9.9871 

20.6 

29.5 

20 

6  43 

30  37 

9.4586 

0.01  \x 

16.5 

.Ian.  31.5 

20 

27   19 

—32   13 

9.4991 

0.0360 

12.2 

sPEcrriiocaiAPHic  obseka^ations  of  algol. 


At  llio  session  of  tlic  i>li_vsic<)-inatlu'niiiti(al  class  of  the  IJerliu 
,\caiieniy  of  Sciences  held  November  2S,  Dr.  .\i\vkks  presented  the 
follo\vin<;  results  of  the  spectro<;raphic  observations  of  the  variable 
star  Alijoi,  by  Professor  Vogf.i.  and  Dr.  ScnKiNKU. 

Three  impressions  of  the  spectrum,  taken  last  winter,  had  already 
Siven  evidence  that  Ahfol  recedes  from  the  sun  before  a  minimum, 
and  approaches  it  after  a  minimum.  Notwithstandin.i;  that  the  lines 
of  the  ^4/;/o/-spectrum  are  not  well  adapted  for  accurate  measMre- 
ment,  stiil  every  impression  jrave  the  direction  of  the  motion  beyond 
all  doubt,  and  permitted  the  determination  of  its  amount  with  toler- 
able approximation. 

Three  new  impressions,  made  within  a  few  weeks,  have  afforded 
results  completely  accordant;  and  the  hypothesis,  —  Ions  ago  pro- 
posed but  for  the  most  part  abandoned  since  then,  on  account  of 
the  great  mechanical  and  physical  ditliculties  which  it  entails,  —  that 


the  variation  of  AlijoVs  lijjht  is  to  be  attributed  to  eclipse  by  a 
dark  companion  revolvinj:  around  it,  now  receives  strong:  support 
aiiain  from  these  observations. 

The  motion  of  revolution  for  the  visible  star  may,  from  the  mean 
of  the  six  measurements,  be  assumed  as  .").7  f;eoj;raphical  miles 
r42  kilometers*].  Furthermore,  the  assumption  of  a  circular  orbit, 
descril)ed  with  this  velocity,  gives  when  combined  with  the  period 
of  variation,  an  arrangement  of  the  .system  somewhat  thus :  — 

Diameter  of  the  principal  star        230  000  miles  [1  700  000  km.] 
dark  companion     ISO 000      "       [1322  000     •'  ] 
Distance  of  their  centers  700  000      •■       [,5  200000     ••  ] 

Orbital  velocity  of  the  companion     12.0  [       ss  •'  J 

Masses  of  the  two  bodies  %  and  f  of  the  sun's  mass. 


The  several  result) 
lows :  — 


of  the  observations  now  at  hand  are  as  fol- 


1888  Dec. 

1889  Jan. 


M.T. 
•t'  (;.'<J 


Nov.    13  !•:•. 
23  !l.(l 

2(;  s..-> 


)isliiTn-e  Cnmi 
Miniiiiuin 

11.'+  after 
22.4  l)cforc 
III. 4  before 
13.3  after 
22.3  before 
lil.n  before 


—5.0  M 
+(i.9  ■■ 
+7.5  •' 
—5  (i  •• 
+(i.2  •• 
+G.8   ■• 


— 1.2M 
—3.0  •• 
—.■{.1  •• 
+0.2  '■ 
—0.5  •• 
—0.7   " 


— (;.2 : 

+3.:i 

—5.4 

+5.7 

+n.i 


Observ'n  re 
fcrreil  to  near- 
est (luadrature 

—  7.1  M 

+4.3   ■' 
+4.5   •■ 

+0.5   ■• 

+f:.2  •• 


CiglU 

4 


(;onse(|Uently  the  mean  of  the  ob.scrved  motions,  reduced  to  quailrature.  i.- 

liefore  minimum.     +5.3  miles.  .\ftei-  niiMiMuini,     — 1;.2  miles. 


*A  German  .ireo.i;r:iiilii<-;il 


(iitli  |iart  of  a  degree  on  the  tcrres 


1.4  kilrinicter.*. 
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< (CCti.T.vTioN  of  .IrrtTEU.  1889  September  3,  bv  Mk.  William  Dawsox. 
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OBSERVATIONS   OF   A'ARIABLE    STARS    IX    1889. 


By  pa  11.  S 

'(  HerriiU.s. 
Hetwet'li  .Vpi'il  U(  and  XoveiiiluT  .'iO,  this  stai'  was  (ih- 
.served  on  eiglity-iiiue  evenings  ;  the  observations  show  seven 
maxima  and  six  minima.  Tiie  star's  light-cnrve,  though 
irregular,  has  shown  no  marked  peculiarities  ttiis  year  ;  slight 
indications  of  the  rapid  fiucluations  noted  hy  Schmidt  were  I 
observed  al)oiit  the  miuinuiin  of  .Inly  l-'5.  The  observed  times 
of  maximuMi  and  minimum  arc  as  follows  : 

Maxima  Minima 

1H.S9  Mav     3  I.SMi)  May    12 

2H  .hnic    :; 

.luue  '>X  .lulv    lo 

.Inly  -M)  Aug.  21 

Sept.  l;t  Sept.  2',t 

Oct.    17  .Nov.     7 

Nov.  21 

A'  Srii/i. 

S\>venty-tliifc  obseivalions  of  A'  Srii/i  were  obtained  be- 
tween May  2()  and  November  :U).  When  first  observed,  the 
star's  magnitude  was  estimated  as  o.lJ,  from  which  it  declined 
to  a  minimum  of  6.7  on  .lune  22  ;  from  this  it  increased,  with 
seveial  halts  and  fluctuations  t<i  a  rather  indefinitely  marked 
luaxiMium  on  or  about  August  27,  at  wiiich  time  it  readied 
I..")  Ulamiiii.de  ;  from  tiiis  date  it  decreased  slowly  to  a  niini- 
nnnii  of  (1.2  magnitude  on  November  18,  anil  when  hist  ob- 
seived  had  again  increased  about  half  a  magnitude. 

.S'  SiKjitlae. 

Hut  few  observations  of  this  star  wen;   made  during  the 

snuuner  months  ;  continuous  watch  of  it  was  begun  Sept.  22  ; 

lifty-eightobservations  in  all  wereolitained,  which  yield,  by  the 

use  of  a  mean  light-curve,  the  lollowing  inaxinia  an<l  minima. 

Minima  w 

l.s.Sii  Mav    27.90  2 

.luu'e     4.48  2 

Sept.  ;!().(;.■>       2 

Nov.   21. i;.'.  1 


.Maxii 

la 

\\ 

ISSO  May 

21.12 
.S().6;"i 

■> 
:> 

.iuue 

8.72 

1 

.  Sept 

2.").  12 

") 

Oct. 

4.71 
13.60 
21.27 

3 

Nov 

5.48 

4 

14.98 

4 

30.;>8 

3 

Dee. 

9.83 

4 

18.2(1 

h 

YP:Ni)Ki.r,. 

The  weights  attached  to  the  above  times  indicate  the  Dum- 
ber of  observations  from  which  each  was  deduced  ;  the  Kame 
plan  has  been  followed  with  the  other  stars  mentioned  in  this 
paper. 

T  I'ulpecuhie. 

This  star  was  observed  on  fifty  occasions  :  from  these  ob- 
servations are  deduced,  by  the  application  of  a  mean  light- 
curve,  nineteen  maxima,  as  follows  : 


Maxima  w 

1889  Sept.  22.63  2 

27.68  1 

Oct.      1.78  3 

6.11  2 

10..i4  2 

1.5.36  3 

18.71  1 

Nov.     2.27  2 

6.78  1 

10.88  1 


Maxima  w 

1889  Nov.  14.86  2 

19..'>6  I 

23.47  :! 

27.19  2 
Dec.      6.08  2 

10.34  2 

15.64  3 

20.20  2 
24.83  2 


^  Cephei. 

riiis  star  has  lieeu  kept  as  continuously  under  observa- 
tion as  the  weather  would  permit,  from  May  21  to  the  close 
of  the  year  ;  the  observations  were  mostly  made  with  the 
opera-glass.  A  series  of  naked-eye  observations  was  car- 
ried on  during  the  months  of  .Inly  and  August,  but  being 
considered  less  satisfactory  than  the  opera-glass  observa- 
tions, was  then  discontinued,  and  the  etulier  series  returnetl 
to;  the  maxima  and  minima  from  .lune  20  to  Sept.  15  are 
deduced  from  this  set  of  naked-eye  observations. 

The  weather  throughout  the  entire  sea.son  lias  been  a  great 
obstruction  to  all  observations  of  this  character,  it  being  fre- 
quently impossible  to  obtain  more  than  one  observation  of  a 
star  during  its  entire  period  ;  this  applies  as  well  l.>  the  t«.i 
stars  next  preceding  this  one,  in  this  paper. 

A  number  of  maxima  and  minima  have  been  incliideii, 
with  nominal  weights,  which  were  indicated  by  single  Obsrr- 
vations  at  a  light  beyond  the  mean  values  for  those  phases. 

My  own  observations  not  furnishing  snilicient  material  for 
a  detinitive  light-curve,  the  standard  one  of  .SriuiNKKl.D.  with 
his  light-scale,  has  been  employed  in  reducing  the  observa- 
tions ;  thirty  maxima  anil  Umi  minima  are  deduced  from  the 
season's  observations,  and  are  appended  below. 


138 


THK     A.S  TKON  O.M  IC  A  I,     .1  ( )  I    U  .\  A  I, . 


N"  210 


Miixii 

lii 

w 

IHH!)  .hine 

i.:!it 

.'..04 

H.SM 

1 
1 
1 

•_'(). 9.S 

■2 

.liilv 

".;!;■) 

1. •{..)(; 

18. 1« 

1 
1 

;! 

3 

23.45 

4 

Aug. 

4.40 

1. 

MllXilMII 

w 

Maxima 

w 

Minima 

w 

1889  Aug.  13.80 

2 

1889  Oct.    22.41 

3 

1889 

Aug.  27.99 

1 

l!t.4G 

■> 

Nov.    2.45 

3 

Oct.     5.19 

2 

Sept.    4.37 

i 

8.28 

■2 

25.72 

i 

15.32 

I 

13.38 

•2 

N.jv.     6.03 

.3 

21.79 

3 

18.92 

2 

1 1 .53 

•> 

27.19 

3 

29.36 

3 

17.31 

1 

Oct.      1.86 

4 

Dec.     4.54 

■> 

Doc.     8.97 

2 

7.17 

3 

10.68 

2 

13.26 

i 

11. 6G 

3 

15.92 

2 

19.39 

* 

17.33 

4 

21.26 

.V 

24.25 

2 

Dorchiister,  .I/k.s.s-..  1890  Janiiary  C. 


ON   A   NEW   SHORT-PERIOD    VARIABLE   IN    OPHIUCHUS, 


1-1'  -15'"  o7»;     —6°  G'.7     (1875.0) 
B  V     K  1)  W  I  N     F.     S  A  W  Y  K  H  . 


I  beg  to  aunounce  that  1  have  discovered  the  star  175 
{U.A.)  Ophiiwhi  to  be  a  variable  of  short  period.  The  star 
was  first  observed  (in  connection  with  my  revision  of  the 
magnitudes  of  the  Uranometria  Argentina)  in  a  sequence  on 
September  9.  1882.  and  found  to  be  6". 4  {U.A.  6>'.7).  Two 
observations  in  1886  accorded  well  with  the  one  made  in 
1882,  but  a  tliird  observation  on  the  evening  of  August  6, 
1888,  which  gave  the  magnitude  6". 95,  led  me  to  suspect 
variability.  Although  several  other  observations  were  se- 
cured before  its  disappearance,  the  star  was  invariably  found 
bright.  Subsequent  observations,  made  during  the  past 
year,  soon  established  certain  variability  of  the  star,  and 
tiiat  its  period  was  moderately  short.  From  a  careful  ex- 
amination of  these  latter  observations,  together  witii  tiie  few 
isolated  ones  made  in  previous  years,  the  range  of  variation 
appears  to  be  from  6". 2  to  6". 95.  and  the  period  slightly 
greater  than  1 7  days. 

The  provisional  elements  are  : 
Maximum,  1882  September  3.50  (Camb.  M.T.)    +17''. 14  E 
Minimum,  1882  August        26.65         "         "  +17'».14  E 

The  following  are  the  observed  times  of  maxima  and  mini- 
ma. The  column  O — C  is  a  comparison  with  the  elements 
above  given. 


E 


Observed  Maxima 
Camb.  M.T.  wt.  O— C 


Obsekved  Ml.^•IM.^ 
Camb.  M.T.  wt. 


0  82  Sept 
86  86  " 
129  88-  " 
)  30   Oct. 

147  89  Julv 

148  Aug 
149 
150 
152 


4.71   1  +1.21 

16.48  1  —0.06 

23.00  1  +0.44 

10.54  1  +0.84 

27.95  3  —0.1.3' 

14.38  2  +0.16 

""    30.92  3  —0.44 

Sept.  17.51   2  +0.01 

Oct.    21.58  5  —0.20 


87 

86  Sept. 

29.66 

1 

+  3.83 

88 

Oct. 

14.73 

1 

+  1.76 

125 

88  July 

6.42 

1 

—1.73 

130- 

Sept. 

2.94 

2 

+  1.09 

146 

89  July 

3.29 

5 

+  0.13 

147 

"' 

2043 

7 

—0.19 

149 

Aug. 

23.71 

6 

—0.90 

151 

Sept. 

26.99 

4 

—0.07 

152 

Oct. 

14.13 

4 

+  0.10 

The  characteristics  of  the  light-ttuctuatious  are,  a  generally 
uniform  and  not  very  rapid  increase  ;  a  decrease  at  first  uni- 
form and  somewhat  rapid,  followed  by  a  slow  and  less  regu- 
lar course.  The  duration  of  increase  is  7.85  days,  and  that 
of  decrease  is  9.29  days. 

The  readings  of  the  light-curve  give  the  following  : 
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—2.50 
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5.4 

The  light-curve  appears  remarkably  flat  at  minimum,  con- 
sequently this  phase  cannot  be  determined  with  sharpness 
from  the  observations.  The  comparison-stars  used,  aud  the 
preliminary  light-scale  adopted,  are  as  follows,  the  jiositioiis 
being  for  the  mean  equinox  of  1875.0. 

a  S       '    V-.^:   Sawyer     L. 

a  =  183(C7..1.)  Op7*.  17'5d"ll'  —4°   3.8,  5''8  Cl       16.1 

6  =  187      "         "  17  52  58  —4  48.4  6.1  6.35     11.2 

c  =  167      "          "  17  37    2  —7     1.2  j  6.6  6.5    ,10.0 

d=194      "         •'  17  56    6  —5  21.3  j  6.9  6.9    i    5.1 

e  =  178      "         "  17  45.58  —5  13.8  7.0  6.95  1    3.1 

f*—    -       -         "  17  46  34  —5  53.8  •  -  7.1         2.0 
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S 


Red.  to 
app.  place 


Red.  to 
app.  place 


.\iithority 


23  41  59.17 

23  49    10.22 

23  49     5.75 

0  57  18.86 

0  57  48.72 


+  2.43 
+  2.25 
+  2.23 
—1.07 
—1.07 


—4     9     6.6 
— 0  53  52.9 

— 0  30  28.4 

+  9  31      8.3 


+  15.5 
+  15.0 
+  14.9 

—  5.6 


Lahimle  46612 
Yarnall  1084  7 
\'alenliner 
Yarnall  546 
Yiirnall  556 


On  Nov.  14,  Nov.  1(>  and  Jan.  IS,  the  comet  was  very  faint,  and    I      On  Oct.   I."i,  a  companion  wa.s  observed  l!l".70  followins.  and  a 
dilllciilt  to  observe.     Star  2  is   I.anioiit  !i;l44.  Imt  the  ileelination  is       little  north  of  the  iiinleiis  of  llie  c-oiiiet. 
loo  sreat  l)v  al)out  a  minute.  I 


onsHinA  rioNs  of  co.mkt /is.sit  (Miv/'V), 


Dec.  21 


iiisi;k\  A  ioi;v.   I'lMMiins.    \..i..   \m  i  ii    mi.  "-M-ixrii   Kijr 
l»v    I'KOK    ('.    .\.    VllfNC. 


miAI.    AMI    S>jl   AICK-IUK    .MK'lIdMKrKlt. 


luvich  M.  T. 

% 

No. 

#- 

Coinp. 

la 

13    14.0 

1 

i; 

— 14".92. 

13  40.0 

•> 

20 

+  22.42 

l;!    10.2 

1 

6 

—  8.75 

13  30.8 

3 

10 

+  33.78 

13  30.8 

4 

10 

—  6.03 

/S 

—  7  57.0 

—  II    25.1 

—  5   20.8 
+    1    17.8 


»^'s  appni'eiit 


0  16  58.46 

0  20  22.42 

0  23  40.5 

0  23  44.1 

0  23  43.3 


+  21  38  32.3 
+  21  54  23.0 
+  22  10.2 
+  22  8.8 
+  22  10.4 


'og 

PA 

roTM      1     tor  .( 

8.346 

0.497 

8.433 

0.517 

8.253 

0.490 

8.411 

0.506 

8.411 

o.5()t; 

rilK     A.Si'KO  NOM  I  C  A  1,     .lOlH.NAI.. 
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Mean  Places  for  1889.0  of  Comparimu-Stai 


0  17  11.29 

0  19  h<Am 

0  23     8.2 

0  23  47.2 


Red.  to 
app.  place 


+  2.09 
+  2.11 
+  2.12 
+  2.13 


+  21   46     9.2 

+  22     5  28.0 
+  22     7.2 
+  22   15.2 


lied,  to 
app.  place. 


+  20.1 
+  20.1 
+  20.1 
+  20.1 


Authority 


Lai.  424,  Paris  Observ.  1874  Nov.  2 
Ktnive,  Pnnitiones  Mediae  461 
Aigelander  DM.  21°49 

>'     22°70 


The  observations  are  corrected  for  instruiiieiital  errors,  refraction 
and  motion  of  the  comet.  The  comet  was  nearly  round,  from  2'  to 
;i'  in  diameter,  ill-deflned,  witliout  any  trace  of  a  tail,  and  only 
slightly  condensed  at  the  center.  It  was  very  faint,  and  Dec  2H, 
especially,  was  an  extremely  dillicult  object  to  oUmtn c.      I'lic  decli- 


nations of  the  two  coniparison-stars  nscil  Dec.  T.>.  as  deduced  from 
the  DM.,  are,  it  will  be  observed,  considerably  discrepant;  jud^inf; 
from  the  apparent  error  of  the  ephemeris  the  second  star  (22  70) 
is  wronjr-  Tlic  correction  of  the  ephemeris  {A  ./.  208)  is  about 
—  1'"  411-  ill  ./.     and     -  7'  in  i*. 


FILAK-MICKOiMETEK  (OBSERVATIONS  OF  COMKr  g  imi  (HonJH-LrY), 

MADK    wnir     IIIK    I2-INCII    KIJUATORIAI.   OK   TIIK    I.ICK    OnSKUVATOUY. 

By  K.  E.  BARNARD. 


1889  Mt.  Hamilton  M.T. 


Deo.   15     7   18  39 
17     7  25  46 


* 

No. 
1    Conip. 

-* 

^'s  apparent 
a                        8 

log  ;>A 
for  a       1      for  t\ 

1 

2 

13.7 
6  ,  5 

+  o"26."41 
+  3     7.89 

—7  54.2 
+5  42.2 

18  10  50.11 
18  13  14.64 

+  45  30  10.2 
+  43  24     9.9 

9.816 
9.794 

0.684 
0.713 

Mean  Places  for  1889.0  of  Coinparison- Stars. 


* 

a 

Red.  to 
app.  place 

s 

Red.  to 
app.  place 

Authority 

1 

2 

18  10  24.59 
18  10     7.53 

— 0'.89 
—0.78 

+  45  38     0.5 
+  43  18  24.7 

+  3^9           Lalande  33689 

+3.0          Weisse's  Bessel  XVI 11,  258,  9 

Dec.  15.     Comet  pretty  bright,  round,  2'  ±  diameter,  vgbM  10"  ±,  I  The  unprecedently  bad  weather  has  prevented  any  other  ol)serva- 

No  nucleus.  i  tions  of  the  comet.                                                                  ( 

Dec.  17.     Comet  pretty  bright.  roun<l,  2'  ±  diamctei',  vgl)M  10»'  ±.  i  It  is  now  too  near  the  sun  to  be  observed.                     . 

No  nucleus.  ' 


AN  ERROR  IN  CHAUVENET'S  ASTRONOMY, 

By  HERBERT  A.  HOWE. 


At  the  bottom  of  [>.  6.S!i  of  Vol.  I  of  Chadvenet's  Astron- 
■oniy  is  the  formuhi 

k  =^  ^{a' — It!')  cos  (S. 

in  which  A:  denotes  the  constant  of  abernition.  wliile  a'  and  a" 
are  respectively  tiie  right-ascensions  of  a  star.  When  the 
effect  of  aberration  in  right-ascension  reaches  its  maximum 
and  minimum,  these  right-ascen.sions  have  been  freed  from 
the  effects  of  nutation  and  precession  in  the  interval.  8  is 
the  declination.  This  formula  is  not  a  general  one,  as  is 
shown  below. 

Let  a  be  the  mean  right-ascension  of  the  star  at  any 
epoch, +  the  nutation  +  the  \)roper  motion  ;  let  =  denote  the 
obliquity  of  tiie  ecliptic  ;  let  //(  and  M  \\c  determined  by  the 
equations 


III  siu  .1/  =   sin  u 

III  cos  M  =:    cos  a  cos  i 

From  equation  (721)  of  Chauvenet  we  reattily  derive 
a    =  «  +  hm  sec  A.     and 
a"  =  K  —  A'»i  sec  8,     wlience 
mix   =  ^(a' — («")  cos(S. 
Now      m"  =  am- a  +  cos-«  cos";,       and  m  is  therefore 
equal  to  unity  only  when     a  =  6''  or  18''.     Hence  C'hauve- 
net's  formula  is  not  generally  true.      It  would  be   easy  to 
show  from  the  first  equation  of  (675)  that  the  fornnda 

A-  =  i(/.' — ).")  cosp' 
is  true.    /.'  and  /."    denoting  respectively  the  maxinuim  and 
minimum  values  of  the  longitude  of  the  star,  while  ,5  is  its 
latitude. 
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SUN-SPOT   OBSERVATIONS, 

.MAI>1;    Al     HAVKRFOItD  COI-LEGK  OBSEKVATORY,    WITH   K-INCII    KC^IA  1  OKI  Al  . 

By  F.  p.  LEAVENWORTH. 


1889 

Time 

Grs. 

Sps. 

Size  and  Def . 

1889 

Time 

Grs. 

Sps. 

Size  and  Def. 

1889 

Time 

Grs. 

Sps. 

Size  and  Def.  | 

July  8 

3 

1 

4 

small  ;  poor 

Aug.  21 

9 

1 

1 

Oct.  21 

10 

0 

0 

poor  1 

5 

12 

1 

1 

U     .                11 

22 

10 

0 

0 

poor 

22 

10 

0 

0 

i; 

1 

0 

0 

23 

9 

0 

0 

24 

10 

0 

0 

8 

12 

0 

0 

24 

10 

0 

0 

gooil 

30 

11 

0 

0 

11 

3 

1 

2 

good 

25 

4 

0 

0 

12 

1 

2 

10 

1  large;  '• 

26 

11 

1 

1 

large  ;  poor 

Nov.  1 

10 

0 

0 

poor 

14 

4 

2 

17 

"           •' 

3 

5 

r  0 

0 

" 

15 

12 

2 

11 

"           •' 

Sept.  9 

0 

0 

poor 

4 

12 

0 

0 

good 

16 

11 

•> 

11 

"           " 

14 

0 

0 

" 

5 

9 

0 

0 

" 

17 

12 

•2 

10 

"           '' 

16 

0 

0 

6 

9 

0 

0 

" 

18 

10 

2 

22 

17 

0 

0 

7 

9 

0 

0 

20 

10 

1 

17 

poor 

1« 

0 

0 

10 

10 

0 

0 

'• 

22 

10 

1 

2 

19 

9 

0 

0 

'■ 

12 

9 

0 

0 

23 

10 

1 

1 

'  •        good 

21 

10 

0 

0 

" 

14 

9 

1 

1 

small 

24 

10 

1 

1 

22 

3 

0 

0 

good 

15 

10 

1 

1 

.. 

25 

10 

1 

1 

small  :     •■ 

23 

10 

1 

6 

1  large ;    " 

16 

10 

0 

(1 

poor 

29 

11 

2 

22 

•' 

26 

11 

1 

6 

"        poor 

22 

10 

0 

(1 

good  I 

30 

10 

•; 

22 

a 

27 

9 

1 

12 

23 

10 

0 

0 

.•il 

;! 

1 

23 

"         i)oor 

28 

10 

1 

15 

'•       good 

24 

10 

0 

0 

29 

9 

1 

7 

26 

10 

0 

0 

poor  1 

Aiisi.  1 

1! 

1 

22 

small ;  [joor 

30 

10 

1 

6 

"        poor 

28 

10 

2 

4 

small ;  good  i 

2 
3 

10 
10 

■> 

26 
35 

2  large  ;  " 
' '        good 

Oct.    1 

1(» 

1 

1  large  ;  poor 

29 

9 

2 

2 

1 

4 

3 

1 

21 

"        poor 

2 

>) 

1 

1  1 

' '        good 

Dec.  1 

12 

0 

0 

good  1 

5 

3 

! 

24 

li                        41 

3 

12 

1 

4 

■' 

2 

10 

0 

0 

poor 

(i 

9 

I 

26 

"        good 

4 

12 

1 

1 

poor 

1 

11 

0 

0 

7 

10 

1 

50 

"           '■ 

5 

12 

0 

0 

12 

3 

1 

1 

large  :  gmnl 

8 

9 

•> 

24 

3  large  ;  >• 

7 

10 

0 

0 

1.-! 

11 

(1 

0 

10 
11 

1 

3 
3 

20 
26 

4      '•     poor 
4      ' '    good 

8 
9 

10 
10 

0 

1 

1) 

I 

.small  ;  >ioo(l 

10 
19 

:i 

0 
2 

(I 
il 

poor 

12 

10 

■> 

y 

2     "     poor 

10 

11 

1 

8 

'• 

21 

10 

3 

37 

small ;  good 

13 

9 

'2 

30 

4     '  •    good 

11 

11 

0 

0 

[loor 

23 

12 

1 

1 

" 

14 

11 

■> 

12 

4     '• 

12 

10 

0 

0 

good 

24 

12 

1 

* 

15 

1 

•> 

14 

3     -       - 

15 

3 

0 

0 

poor 

25 

11 

1 

20 

1  large ;  poor 

16 

!l 

2 

12 

3     '• 

16 

10 

1 

5 

small 

2fi 

11 

1 

13 

I.           .. 

17 

11 

2 

6 

3     '• 

17 

10 

1 

12 

•'         gu..d 

27 

11 

2 

->;; 

2  large ;  gootl 

18 

9 

1 

1 

1      " 

18 

10 

1 

2 

28 

11 

2 

21 

'•          " 

li» 

1(1 

'_> 

2 

19 

10 

0 

0 

31 

11 

1 

I 

large :  poor 

■-'(» 

in 

1 

1 

20 

;i 

0 

(1 

()l{Sh:UVATIONS   OF   COMiOT^- lSSi»  (luntiiELLY). 

MVI>K    WITH   TMK  G-lXril    i:(}l  AlOltlAI.   OK   TIIK    IlK.TIlOIT   OHSKl!VAT<>|!V, 

By  W.  W.  O.VMPBKLL. 


1889-90  GreenwiclrM.T. 

* 

No. 
Comp. 

-* 

./8 

6^  s  111 

a 

.l.:u-,iu 

8 

(or  a     1    for  i". 

Dec.  26  23   11   57 
Jan.     3  23  35  40 

13   23   48   59 
16     0     i;     9 

1 
2 
3 
4 

(!  ,  8 

11,7 

9  ,  7 

7,3 

+  3'"  4.07 
+  1   39.87 
—2   17.89 
—0  46.80 

—5     6.8 
+  1  29.7 
—0     2.6 
+  S  27.7 

18  23  36.06 
18  31   43. .59 
18  43  57.68 
18  47  42.64 

+  32  38  22.3 
+  21   25  26.5 
+   2  54   16.3 
—  1   37  28.2 

«9.713    0.727 
n9.668    0.717 
«9.623    0.765 
»i9.609    0.777 
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Mion   I'l 

(ins  for  JSS'J.I)  and  1890.0  of 

(JompdriKo  II— Stars. 

* 

a 

Ked.  to                      » 
app.  place                   ° 

Ked.  to 
app.  plact- 

Authority                            ] 

1 

2 
3 

4 

18"2d"32."l5          -0'.16          +32°  43' 27.8     1       +1.3 
18  30     5.t)!)          —2.27          +21   23  59.3      '      —2.5 
18  46    17.77     ,     —2.20          +   2  .54  23.1      1      —4.2 
18  48  31.63     1     —2.! 9          —   1    40  51.8            —4.1 

Leiden  Zones  85.19  and  87.20 
i(2  Armagh  2237  +  Bonn  21  °34SM  ) 
Sclij.  6997.  8.  9 
Oiittingen  5135,6 

l'ri'i|iuiit  interference  from  clouds. 


/)BSEKVKI)    .M.VXIMUM   OF    r  GEMJNORUM, 

llv  PAII,  S.   YENDICl.I,. 

The  watcli   lor  this    ri'in:nk!il)le   variaMc   was  lii-giiii   this       parisoii-star./'.  fstiinalfil  hy  him  at  1  !".•_'.  was  h  ell  sofii.  and 
season  on  Oct.  18,  aud  it  lias  been  h)()kfd  lor  siiu-c  tliat  date      several  of  the  smaller  stars  in  the  field  held  at  times, 
upon  every  available  occasion.  Seven  observations  in  all  were  obtained,  as  follows  :  tlie 

On  the  evening  of  1890  .Ian.  14,  after  an  enforced  inter-  magnitudes  were  carefully  e.stimated  by  comparison  with 
ruption  of  tiiree  weeks,  occasioned  by  illness,  the  telescope  those  of  Ba.\esi>ei,l.  whose  comi)arison-stars  were  used, 
was  turned  upon  this  region,  when  r  was  at  once  seen,  and 
its  magnitude  estimated  at  9".S.  Tlic  next  evening  proved 
doudv,  but  on  Jan.  16  another  observation  was  obtained, 
showing  an  increase  of  0.7  magnitude,  to  9'".1  ;  the  star 
passed  its  maximum  at  9".0  on  .Ian.  17.4.  Cambridge  mean 
time;  on  the  18th  it  had  falU^ii  to  '.P'.l,  at  wiiich  its  magni- 
tude continued  until  the  21st;  on  the  22d  it  showed  a  sharp 
fall  of  1.3  magnitude  to  1()'".4;  the  next  evening  unfortu- 
nately proved  snowy,  and  when  looked  for  on  the  24th,  the 
star  was  invisible  in  my  telescope,  though  Baxkndkli.'s  c-om- 

Dorfhexler.  Muss..   IS'.Ki  ./,<„.  i",!. 


I89(t  . 

Ian.  14 
if. 

ii 

15 

Maj;. 

9.« 
'.1.1 

17 

7 

0 

9.(1 

\H 

•S 

25 

9.1 

20 

s 

(1 

9.1 

•22 

7 

0 

lO.i               [easily  seen 

24 

7 

.•) 

not  seen  —  ster  of  11 ''.o 

CORRIGENDA. 

No.  2U!i.  pa^os  K'.'i.  I:!i:.  in  llcadiiiir  <>l'  table  and  Index,     for  li  Iol'  .'/.'/■     put  /'  —  l<>S  .'///• 

In  previous  observations  made  at  I'riiiieton.  tlie  siiins  of      log  pA       for  a      sliould  be  reversed  in  tlie  observations  of  Nov. 
ISSVi  (.1../.  No.  207  )      Alsii.  ill  the  observation  for  Dec.  Ill  (A.J.  20!l).  in  the  coinefs  apparent  n.     for  23'"  read  22"'. 


C  ()  N  T  E  N  'I'  S  . 
OliSKRVATIONS   <>!■    VvKIAlUK    SlAlts    IX    iSs:i.    liv    Ml;.    I'auI.   S.    YkNPKLL. 

On  a  Nkw   SHOnr-l'ia;ioi>  Vauiahi.k  in  Oi'iiiucuts.  itv  Mi;.   Euwix  F.  Sawvki 

Sun-Spot  (Ibskuvations,  itv  Rev.  A.  W.  QiuMiiv. 

EPHiaiERis  ov  Comet  rfl8S!t  (Bkooks),  iiv  Mi;.   Wm.i.iam   Hei.i.amv. 

Ephemeris  of  Comkt  (^  1889  (Borreli.y),  iiy  Mh.  W.  W.  Camprei.i  . 

Sphemeris  of  Variables  ok  the  Algoi.-Type. 

Observations  of  Comet  d  1889,  by  Prof.  F.  P.   I.EAvExwor.TH 

Observations  of  Comet/ 1889  (Swift),  by  Prof.  C.   A.  Yoing. 

Filar-Micrometer  Observations  of  Comet  f/ issit  fBoRRELLv).  by  Pr 

An  Error  in  Chauvknkt's  .Astronomy,  by  Prof.  Herbert  .\.  How  e. 

Sun-Spot  Observations,  by  Prof.  F.  P.  Leavenworth. 

Observations  of  Comet  </ 1889  (Borrei.i.v).  iiy  Mr.  W.   W.  Cami-hei  i 

Observed  Maximum  of   J70EMiNORtM,  iiy  Mr.   Paii.  S.  Yexhei.i.. 

Corrigenda. 


Mi:.    1).    r.    lliKHKi!i> 


K.    E.     IVvRNAKD. 
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ASTRONOMICAL    J  0  U  R  N  A  L. 


]No.  211. 


VOL.  IX. 


INVESTIGATION     OK 


BOSTON,     1890    FKBRUARY     15.  NO.  : 

I-:K1U)KS     IX     J.ACAILLE'S     COELUM    A(STJ,'JL/-: 
STELLTFEhTM, 

liv   U.    A.    (JIIII.I). 


i. 

When  (U'teniiiiiiiig  the  places  of  stars  for  the  Argentine 
General  Catalor/uc.  the  earliest  working-list  was  afforded 
by  the  catalogue  constructed  from  Lacaii.le's  observations 
under  the  superintendence  of  Hkndkeson  and  by  means  of 
Ills  reduction-tables,  at  the  expense  of  the  Hriti.slr  Associ- 
ation for  the  Advancement  of  Science,  and  which  was  pub- 
lished in  1847.  A  considerable  number  of  the  stars  there 
given  were  found  to  be  either  missing  or  in  positions  so 
different  from  their  catalogue-places  as  to  make  their  identitj' 
very  uncertain.  Hut  since  no  copy  of  IvAcaii-le's  original 
observations  was  accessible,  it  was  not  in  my  power  to  de- 
tect the  sources  of  these  discordances. 

In  the  summer  of  1870,  being  in  London,  1  mentioned 
this  embarrassment  to  my  fi-iend  Mr.  Hind,  who  most  kindly 
procured  fur  me  the  loan  of  a  copv  of  the  Coelum  Auxtrale 
SteUifi'riitK .  with  permission  to  take  it  to  Cordoba  for  a  few 
inontlis.  And  early  in  the  year  1877,  I  had  the  gratification 
(if  receiving  a  copy  of  the  same  work,  generously  presented 
to  the  Argentine  National  Observatory  by  the  Council  of  the 
Royal  Astronomical  Society. 

It  thus  became  possible  to  undertake  the  eminently  desir- 
able investigation  of  the  origin  of  the  discordances  mentioned  ; 
and  it  was  in  this  way  that  the  large  pioper  motion  of  the 
star  L;ic.  'XMri  was  made  manifest. 

Tiie  examination  into  [..acaim.k's  errors  of  observation 
proved,  however,  too  laborious  and  time-consuming  to  be 
completed  at  Cordoba  :  ami  I  therefore  brought  the  data 
homo  with  me  for  further  study.  This  has  gone  forward 
since  then,  as  opportunity  has  permitted  ;  and  at  present 
there  are  but  few  cases  where  Lacaii.i.k's  recorded  observa- 
tions are  neither  accordant  with  the  sky  within  reasonable 
limits,  nor  susceptible  of  explanation  by  supposing  some  not 
improliable  error  of  record,  computation  or  tyi)ography. 

In  August,  1889.  1  availed  myself  of  a  visit  to  Paris,  to 
compare  the  original  manuscript  of  Lacam.i.k's  wiv'k  which 
is  preserved  at  the  Observatory  there  ;  access  to  this  and  to 
other  ancient  records  being  cortlially  afforded,  and  every 
facility  for  their  study  given  by  the  Director  and  olllcers. 
It  is  evident,  however,  that  the  Coehtm  Auslriile.  as  printed. 


is  a  very  accurate  reproduction  of  the  original :  and  the  only 
apparent  error  which  came  to  light  results  from  au  ambiguity 
in  the  manuscript  figures.  But  the  original  is  clearly  a  fair 
copy,  only,  of  the  notes  made  upon  some  other  paper  at  the 
time  of  observation,  so  that  it  furnishes  no  means  of  verify- 
ing or  disproving  the  assumptions  which  I  had  made  as  to 
the  origin  of  the  errors. 

In  the  preparation  of  the  Catalogue  published  tinder  the 
editorshii)  of  Bailv,  sundry  assumptions  were  made,  as  to 
errors  in  Lacaillk's  record.  These  were  inferred  from  a 
comparison  of  the  resultant  i)ositions  with  those  contiiined 
in  catalogues  already  published,  and  consequently  relate  to 
the  brighter  stars  only.  For  2  stars,  an  error  of  20'  was 
assumed  in  the  time  of  ingress  or  egress ;  for  30  stars,  an 
error  of  1'"  :  for  4  stars,  one  of  10"' ;  and  for  1  star,  one  of 
20'".  Of  these  ;17  arbitrary  corrections,  all  except  2  appear 
to  be  fully  justilied  ;  but  for  nos.  4010  and  6828,  10'"  was 
subtracted  from  the  recorded  time  of  egress,  whereas  it 
should  have  been  added  to  that  of  ingress.  —  the  result  being 
that  the  deduced  right-ascension  is  10"'  too  small  for  each  of 
these  stars.  There  are  likewise  1 1  suggestions  of  similar 
error,  which  were  not  adopted  in  computing  the  catalogue- 
places  ;  1>  of  these  suggestions  Iteing  proved  correct  by  later 
observations,  ami  2  of  them,  those  for  nos.  ;">1!)0  and  78!>7, 
being  foimd  erroneous.  Furthermore.  5  stars  were  assumed  to 
have  been  observed  in  the  other  half  of  the  reticule  than  that 
for  which  they  were  recorded. — and  all  these  assinn|ilions 
have  been  justilied  liy  subsetpicnt  observation. 

Those  stars  of  the  F.nglish  Catalogue  which  arc  recordeti 
as  not  fainter  than  the  sixth  magnitude,  or  are  situateil  with- 
in 10°  of  the  ecliptic,  were  included  by  Baii.v  in  his  com- 
pilation of  the  liriti.ili  Associalion  Catalofjiie^  and  were  reol>- 
served  by  Maci.k.vk  at  the  Cape  of  (Jood  Hope.  In  volniues 
XX  and  XXI  of  the  .Vemnir.t  nf  the  Hoi/al  Astronomical 
Sociel'i.  Maci.kaI!  gave  a  list  of  cases  in  which  the  results  of 
his  observations  were  discordant  from  the  positions  of  this 
catalogue  ;  ami  for  most  of  these  was  able  to  indicate  the 
origin  of  the  error. 

Finallv.  Alt<;Kl.AM>K.K  has  ^iven   in   vol.  VII  of  the   Bonn 
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Ohsei-vatioHs  11  series  of  corrections  to  tlie  same  catalogue, 
iii'lic':itc<l  liy  his  observations  in  tlie  Sontiiern  zones,  wiiicii 
exlendcil  to  lievonil  tiie  soiitliern  tropic;  anil  for  a  large 
proportion  of  these  he  was  able  to  indicate  the  source  of 
error  in  liie  original  records  of  the  Oodum  Aiistnde. 

Those  of  Lacaii.i.k's  slar^  which  were  not  found  in  theii- 
catalogue-positions,  at  tiic  tiiiir  of  the  attempted  reol)ser- 
vation  of  them  at  Cordoba,  were  to  a  large  extent  identilied 
l)y  means  of  the  zone-ol)servations  which  ha<l  been  made 
there,  and  embraced  nil  ihe  region  inchided  in  the  (Joehim 
Anxtrale  as  far  as  8(1"  of  declination.  For  most  of  these 
stars,  the  original  mist:die  imihl  l)c  delected  with  a  good 
degree  of  probability:  yet  thiic  aic  many  cases  where  my 
best  elTorts  faiU'd.  and  yet  more  where  no  explanation  of 
the  iM'ic.r  h:i>  brrii  discovered,  except  liy  some  supposition 
for  which  lliere  is  no  other  evidence  llian  that.  \\\n\v  not 
intrinsically  improbalile.  it  appears  to  lie  thi-  only  mode  of 
reconciling  I.acaii.i.k's  record  with  tiie  sky. 

That  stars,  observed  by  La<  am.i.i;  in  IT.'il.  may  not  now 
be  visible,  is  of  course  possii)le  ;  but  re|)L'aled  oliseivations 
have  convince<i  me  of  the  extreme  improbability  that  any 
case  of  large  discordance  in  (losilion  is  referalile  to  un- 
detected proper  motion. 

IJelieving  that  Lacaii.i.k's  nol)le  series  of  ol)servations, 
which  appear  to  be  of  remarkable  accuracy  when  his  very 
limited  e<iuipnieut  is  considered,  may  afford  still  farther  im- 
portant aid  to  various  astronomical  investigations,  I  have 
been  convinced  that  time  is  well  bestowed,  when  given  to 
the  detection  of  the  errors  in  his  record,  so  as  to  peiniit  tlie 
reproduction  of  the  observations  which  he  really  niatle.  The 
task  of  determining  the  true  form  and  dimensions  of  his 
reticules,  as  well  as  their  focal  distance  on  each  night,  will 
thus,  I  trust,  be  essentially  lightened  :  and  the  construction 
of  far  more  accurate  reduction-tables  made  i)ossible.  (See 
Augklanokk's  remarks,  Bonn  Ohxernutions,  vol.  VJI,  p.  6.) 

I'he  larger  part  of  the  mistakes  in  the  Caelum.  Australe. 
which  later  observations  have  revealed,  may  be  referred  to 
errors  of  one  or  more  full  minutes,  or  of  some  smaller  mul- 
tiple of  ten  .seconds,  in  the  recorded  ingress  or  egress  of  a 
star;  there  are  also  a  few  cases  in  which  the  error  is  of  lo* 
or  45".  Another  frequent  source  of  error  is  to  be  found  in 
an  interchange  of  the  times  of  egress  of  stars  which  were  in 
the  field  of  the  telescope  at  the  same  time.  In  such  cases 
the  interchange  is  here  usually  assigned  to  the  moments  of 
ingress  or  egress,  according  as  the  one  or  the  other  may 
serve  to  retain  the  earlier  catalogue-number  for  the  star 
which  \)recedes,  so  that  confusion  may  be  avoided  in  the 
numeration.  Moreover,  the  case.s  are  relatively  numerous 
in  which  observations  madeTn  one  part  of  the  reticule  are 
recorded  as  made  in  the  othei-. 

There  are.  likewise,  errors  clearly  referable  to  mistakes  in 
transcription  from  the  original  notes :  the  most  remarkable 
of  these  being  upon  page  4;i.  — where  six  stars,  observed  in 
the  lower  part  of  the  ret'Cide,   1751  Dec.  1(1.  are  wcorded 


(juc  lioiM-  too  eaily.  This  blunder,  wliieli  exisl?.  in  the  origr- 
nal  manuscript,  and  passed  into  the  catalogue  published  by 
Lacaii.i.k  himself,  may  easily  be  recognized  on  simple  in- 
spection ;  yet  it  seems  to  have  remained  unnotice<l  until  the 
year  1883  :  having  passed  undetected  in  the  reductions  made 
inider  Hkndkkson's  superintendence,  and  having  given  rise 
to  the  introduction  of  a  supposed  //  Doradux  in  the  cata- 
logues of  Vaiiable  Stars.      (See  Axtron.  Nuclir.  CV,  p.  '22.) 

A  singular  class  of  errors,  which  cannot  be  explained  by 
any  supposition  of  error  in  transcription,  calls  for  special 
mention  ;  for  these,  although  perhaps  not  frequent,  yet  occur 
with  sulticient  fretpiency  to  be  clearly  recognized.  It  con- 
sists in  the  record  of  an  ingiess  or  egress  as  having  occiuTed 
.•it  just  tiiMt  interval,  after  the  beginning  of  a  minute,  at 
wliicli  it  i-cally  look  phice  liefore  it.  TInis  a  transit  at 
M'"  I'.r  woulil  be  noted  as  at  1.")"'  IT.  one  at  !l"' 53"  as  at 
ID"  7".  etc.  This  may  l)e  explainetl  by  supposing  that 
Lacau.i.k  was  sometimes  in  the  habit  of  beginning  to  count 
the  seconds  at  the  moment  of  a  transit  for  which  he  was  not 
prepared,  and  continuing  until  the  second-haml  of  his  clock 
arrived  at  the  zero.  At  times  of  haste  or  (confusion  this 
might  easily  lead  to  the  kind  of  error  referred  to. 

Mistakes  of  5*  are  evidently  not  uncommon  ;  yet  of  course 
so  small  an  error  as  this  ought  not  lightly  to  be  taken  for 
grunted,  since  the  ordinary  inaccuracies  of  observation,  com- 
bined with  possible  proper  motion,  might  easily  lead  to  an 
apparent  discordance  of  the  same  order  of  magnitude  which 
would  result  from  a  mistake  of  5*  in  one  of  the  moments  of 
transit.  And  much  delicacy  of  judgement  is  reipiisite,  in  de- 
ciding whether  the  supposition  of  such  an  error  is  warrant- 
able. Indeed  it  has,  throughout  this  investigation,  been  a 
ta.sk  of  no  small  difficulty  to  avoid  the  extremes  of  a  too 
great  readiness,  on  the  one  hand,  to  suppose  the  existence 
of  an  error  in  the  record,  and  of  too  great  unwillingness,  on 
the  other,  to  suggest  probable  mistakes,  when  such  suppo- 
sition is  not  absolutely  demanded.  In  order  to  escape  dan- 
ger from  mistaken  judgement  the  essential  facts  are,  for  the 
most  part,  stated  in  every  case.  The  correctness  6f  these 
suggestions  is  in  no  case  urged,  or  even  maintained,  but  full 
data  are  given  for  judging  concerning  them. 

In  a  very  few  instances  I  have  ventured  to  suggest  changes 
in  the  recorded  times  for  both  ingress  and  egress  of  the  same 
star  ;  but  only  when  they  seem  highly  |)ro1ialile,  and  tiie  record 
cannot  otherwise  be  well  explained. 

Many  of  the  remaining  discordances  may  with  probability 
be  attributed  to  propei-  motion  ;  yet  when  it  is  remembered 
how  small  was  the  telescope  employed,  how  irregular  were 
the  reticules,  and  how  largely  the  resultant  declination  often 
varied  for  a  small  change  in  the  interval  between  ingress  and 
egress,  it  is  evident  that  the  degree  of  accuracy  to  be  ex- 
pected is  not  at  all  comparable  with  that  demanded  from  the 
delicate  instruments  and  methods  of  recent  years. 

Finally  it  must  not  be  forgotten  tiiat  the  reduction-tables 
employed  in  deducing  these    catalogue-places  are  only  ap- 
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Idoximatelv  correct.  Those  of  Hexi>kk.<on.  jjiven  in  the 
aiJpt'iKlix  to  tlie  catalogue,  iiave  lieen  used  tlirougliout,  ex- 
cepting that  for  tlie  observations,  alictdy  mentioned,  upon 
p.  121  of  the  C'oelum  Anstrale. 

It  has  been  mentioned,  in  anothei  place  that,  although  no 
magnitudes  fainter  than  7"  were  assigned  by  L.\oaii,i.e  to  any 
of  iiis  stars,  many  of  them  are  now  and  probably  were  then 
fainter  than  8",  and  some  certainly  not  brighter  than  9". 

In  the  following  list  of  errone'ons  positions,  the  numbers 


for  the  stars  are  those  of  the  Catalogue  edited  by  Baii-y,  and 
the  places  on  the  left  are  taken  from  this  :  an  adjacent  column 
giving  the  page  of  the  Coelnm  Anxtrale  which  contains  the 
original  observation.  At  the  right-hand  side  of  the  page  are 
the  magnitudes  and  reference-numbers  of  the  same  stars  taken 
from  the  Anji'utinf  General  Cutalofjue.  together  with  their 
positions  for  1750.0  as  deduced  from  the  data  in  that  work. 
To  those  stars  for  which  an  error  was  detected  by  Maolkak 
or  Argei.axkei!.  the  initial  letters  of  these  names  are  prefixed. 


I'.KKONKOI 


SlAK- I'l.ACKS     IN     La(  AII.I.k's    (  "aI'A  I.OCil' K. 


Catalogue-position 
K.A. 


N.P.I). 


24  0    3  42.1  140  44  37 

3(;  0     C     4.1  141   1;')     .3 

.•?7  0     (■>     4..')  121  211     0 

4!t  0     .S  21..S  121     .•)  .'..") 

4.")  o    7  23.1  111  :<■>  k; 

9;")  ()  1.")  34. r,  Nd     (!  27 

102  0  K;  47. '.I  14.'.  .".n  27 

M     13;>  II  22  40. i;  1112  37  1.'. 

A     N7  (121  2.S.2  I  U;     ,s     4 

■>W  (I  M   17.1  l(i.'>  M  22 

222  0  .-it; .')!.(;  lu  4H  3;> 

227  0  37  2f).2  127  4'.i     6 

24S  0  42  31.!)  177  12     0 

260  O  44  .i4.l  17ii  4.')  2« 

2!I2  i>  :>■>    X.o  1(14  13  22 

M-l  (I  .•)3  ;")4..>  l:il  3;)  35 

;l(»;i  0  .")5     ((.(»  1.11    14  35 


(55   !  Assume  ingi-ess  at    23  59  35     instead  of    0  2  ">5. 
I     which  gives    0''   1""  r.8'.3.     51<^   15'  21" 

65      .Assume  ingress  at     0  3  12     instead  of    n  :\  42. 
I     wliich  gives    0''  5'"  48«.7,     ol"^   18'  8' 

113      .Assume  iiigre.ss  at    0  4  30     instead  of    (•  4  33. 
which  gives     0''  «"'  4-.2,     31^  20'  28" 

113      Assume  ingress  at    0  7  23     instead  of    0  7  2,s. 
which  gives    O"-  8"'  19".3,     31°  4'  39" 

65     .Assume  ingress  at    0  4  47     instead  of    0  5  7, 
which  gives     0''  7'"  13'.5,     ni'   49'  5" 

.53  .Vssume  ingress  at  0  15  7  instead  of  0  14  7 .  which 
gives  0'' 16'"  5'.2,  55'^58'12':  and  if  egress  was  ex- 
changed with  that  of  102,  then     01'  Ifi"',  12M.     .56°  0' 8" 

53  I  Assume  egress  at  0  18  8  insU'ad  of  0  18  22,  being  ex- 
changed  with  that   of  9.=i,     which  gives     0''  X^"  41", 


19 

1127 

/131 

15 

59 


55^  48'  30" 

.Assume  ingress  at    0  20  25     insteail  of    0  20  35, 
which  gives      0''  22"'  35«.5.    72°  38'  41"    {$  Tuaiime) 

Wrongly  reduced     O^  24"'  2S-.2,     2<i"  8'  20" 
28.2.  24 

-Assume  egress  at    0  3»>  50    instead  of    0  35  50. 
which  gives    O''  34"'  46".3,     75°  37'  28" 

Assume  egress  at    0  41  25     instead  of    o  40  4.'i. 
which  gives    0'-  37'"  12-.0.     54'  42'  43" 


Arg.  Gen.Catal.  for  Equinox  1750.0  i 

No.  lMag|  «  [         S 


101    j  Assume  egress  at     0  42  54     instead  of      ii  43  .".4. 
'      which  gives     O"'  36"'  57'.4,     37^^   37'   19" 

1    1  Wrongly  reduced     0"  42'"  32-,     87"^  5'  30" 

I      o  Ortantis.     Ingress  should  he  15'"  and  egress  10"'  earlier 

19 


.Vssume  egress  at    0  55  ;'>8     instead  of    0  54  38, 
which  gives    O"-  52'"  39-.(;,     74     4'  42" 

.Assume  ingress  at    0  .54  55     instead  of    (i  55  8, 
which  gives     0''  .53"'  4S-.0,     41     37'  9" 


141  8^  0     {"alA  '  51   15  19 

209  7 J  0    5  54.:'.  51   17  41 

215  8  0     6     .i.H  :'.l   20  .50 

24.S  .s  (I    .s  1 -.(..■,  .11     4  36 

231  7^  II     7  in.«  .-.1  49  10 

3Sft  7i  (116  11..!  56    n  .34 

399  7i  0  16  40.2  55  49     0 

491  6i  0  22  38.4  72  38.53 

544  6  0  24  41.4  26    8  ^* 

j  lari;f  proper  motion 

I   690  8  (I  34  49.7  75  38    9 

i 

741  11  II  37  10.1  54  42     2 

1    74  2  7.1  0  36  59.8  37  .17  :>li 

700  7  0  41  56.0  87    4  20 

222  7^  0  33    0.0  89  45  10 

960  .s  0  52  39.5  74     2  51 


.Assume  ingress  at    0  54  52    instead  of    n  .55  5, 
I      which  gives     0''  54"'  53'.s,     41'-"  12'  6" 

.\    :ir.i      1157   \X.O      117  26     8      127   !  Assume  ingress  at    0  55  46    instead  of    0  55  21. 

which  gives     0''  .58'"  IK 2,     27-   31'  43" 


.14  7       1     5  I '.I. '.I      l;;4     .s  53       84 
349       1     5  31.2      li;i    1  1      1         19 

3711   t  III  32.3   121  21  23  107 


.179   1  11  24.4   126  9  49 
:l'.iii   1  12  4'>.l   125  15  57 


107 
107 


Assume  the  observation  t".i  have  been  in  the  lower  part, 
which  gives     1''  5"'  27". 9.     42^  30'  2" 

There  is  a  misprint  of  71"  for  T*  in  Knglisli  e<lltion.  As- 
sume ingress  at  1  4  3S  instead  of  1  4  4.'<.  which 
gives     Ih  .5';'  26-,     72'^    12'  32" 

.Assume  ingress  at     1  6  41     instead  of     1   7  41. 
which  gives     V'  10'"   1-.5.     34-   ,33'  3.;" 

Interchanging  the  times  of  i-gress.  we  have 

1''  10'"  .i«MI.    35"^  .58'  .50" 
1   13   11.3,    35  27  lo 


1003 
1026 
1081 
1204 
1171 

1287 
1305 


0  53  48.7  41  .36  .55 

(I  54  54.3  41  12  :! 

0  .Vs  2.1  27  31  55 

1  5  25.1  4  2  30  24 
I  5  25.5  72  12  10 

I  III  .1.6  34  3.-1  0 

1  10  57.6  35  .58  49 


13-14  6j  I  18  9.8  35  27  7 


148 
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Catalogue-position 
,    I         R.A. 


N.P.I). 


121 
•I2i; 


A    433 
A    437 

A    452 

A    4;Vi 

41)3 

A    .')8!l 

A    Gl  I 

A    .^)6-> 
A    .■^70 

A    f!3'.l 
M   CI '.I 

M  t;;ii 

f)4.". 

cii; 

A    t;72 


12  .").■)  124  4-2  43 
17  ."i2.;!  IK)  IK  (I 
IS     2.7      I  10  l.'i  II 


l'.»   lit. (I 
20  20.(1 

22  33.2 
22  12. (t 

2:»  .■).s.; 

47  32.: 

.".I  .">i.; 

43  41..") 

I."l  is.'.i 

.".7  .-io.lt 

.".3  2t;.'.t 
.■)H  r.t.2 

o.S  24. it 


121 
121 

118 
Hit 
1  17 
117 
1  II 

116 
I  IH 


24 

53 
5 

23 
47 

.50 
13 
29 

31 
.'ill 


C.  A. 


I  I  I 

I  n 

17.') 
127 
127 

I  14 


113 
113 

1-21 
121 
;-)3 
127 
133 

127 

1 33 
;")9 
1 
101 
101 
1 33 


fW3  2     4    I'.l.l  127  2:!  4.S     lltl 

A    K94  2     7  3.">.1  II.-)  14  34     133 

A    fii»6  2     7  .■)it.2  11. •!  1.")  .■)7     133 

A    t>99  2     .S  4(;.2  114  r^:^^U     133 

740  2  15  37.0  145  37  241     52 


Arg.  Gen.  Catal.  for Eqninoz  1750.0 

No.  I  Mag  u  It 


Assume  ingress  at     1  7  SH    instead  of     1  «  2:!, 
which   gives     l''  11"'  42".:!.     :!4    .ll'  4il" 

.Assnini' egress  at     1   19  :U    instead  of     1   lit  'M'>. 
which  gives     I''  17'"  .■)l-.3,     50^    18'  41" 

This  star  does  not  exist;  its  place  having  been  formed 
by  conihining  the  ingress  of  no.  4+.")  with  the  egress  of 
424.     These  nionieiits  appear  to  be  correctly  recorded 
liere  In  the  wrong  place,  although  erroneously  given  hi  1 
the  right  one. 

.Vssuine  Ingress  at     1  is  45     instead  of    1   lit  :).'),   which  |  ] 
gives  II'  20'"  .58'.4,  51°  12'  2".  being  the  place  of  Hr.  217  , 

InttMchaii';inir  the  times  of  inaress.  we  have 
It'   1!)'"  52-.3.       "-M-    Hi'   4K" 
1     211       8.4,  81     :i4     13 

.Assume  egress  at     1  23  1     instead  of     1  22  53, 
which  gives     1"  22'"  37M,     28  '  311'  s" 

Assume  egress  at     1  25  13    instead  of     I  25  5. 
which  gives     l''  22""  45».9.     29°31'2!t" 


1317     CJ      1   11  44.1      34  51  42 

111.")     7        117  .".0.2     50  IM  2:1 


.Vssnme  ingress  at     I  27  47 
which  gives     1"  2!t>"  4:i-.7. 


instead  of     1  2s   l;' 

57      42'   17" 


.\ssunie  ingress  at     1  45  57     instead  of     1   45 
which,  gives     l''  47'"  51".8,     27°  4n'   Id" 


insteatl  of     1 
2.5°   (i'   41" 


Assume  egress  at     1  52  21 
which  gives     1''  51'"  20«.2 


Interchanging  the  times  of  egress,  we  have 
11'  43'"  30-.3,     20^  C  2'.t";      l''  +5'"  30".2,      20    .5U'  411" 

Assume  ingress "bf  former  at    1  41  49    instead  of   I  41  54 
which  gives     1''  4.*!"'  27n8,     2(;    7'  :!i;" 

Assume  ingress  at     1  54  21     instead  of     1  54  29. 
which  gives     1''  57'"  31~.s.     24"  11'  l(i" 

Assume  egress  at     1  .59  39     instead  of     1  5s  :'.9, 
which  gives     1''  53"'  57>.8,     54=  14'  .59" 

Assume  ingress  at     1  47  20     instead  of     1   48  20. 
which  gives     l''  55'"  49\4.     8(i'  2'  32" 

The  moment  of  egress  for  tliis  and  for  the  following 
star  should  apparently  be     2  2  28     instead  of  2  3  il 


Assume  ingress  at 
wliieh  gives     1''  5 


instead  of     1 

■Mr  .59'  14" 


Assume  ingress  at  1  5s  50  and  eurcss  at  2  3  .i?  Idr 
reasons  given  by  .-VufiBi.AXDKi;  lili.  \' 1 1.  '.M:;.  riii-; 
gives     21'   1'"  43».8.     24°  3'   17" 

.Vssuming  egress  at  2  11  30  instead  of  2  !o  lu.  uc 
obtain  2i'  .5'"  27".9.  37'  39'  23";  and  if  inirress  were 
at  2  5  22  instead  of  2  5  17.  weshonhl  liavi'  2i' 5'"  3(l-.t. 
37°  38'  25" 

.Assuming  Ingress  at  2  4  17  instead  of  2  il  17,  an 
error  like  that  of  nos.  (172  iind  (ilic,  we  have  2i'  (!'"  37-.2, 
24-  47'   13" 

.Assuming  at  ingress  the  same  error  of  2'"  as  for  nos.  (172 
and  G92,  and  also  the  seconds  as  27  Instead  of  37.  we 
have     21'  C"  40>.9,     23=  45'  3()' 

But  if  we  assume  both  the  ingress  and  egress  to  have 
l)een  recorded  1'"  too  earlj'  we  shall  find  2i'  8'"  50».8, 
23=  15'  58",  and  thus  nearly  the  place  of  G.C.  2388. 
The  former  seems  to  me  more  probable.  See  .\roki.- 
ANDEK,  Bonn  (tl)S.  VII,  243. 

Assuming  ingress  at  2  G  3(1  instead  of  2  li  41,  and 
also  egress  at  2  9  33  instead  of  2  Kl  i:'.,  we  obtain 
21'  8'"  23%     25=  1'  50" 

But  assuming  ingress  at  2  il  11,  an<l  leaving  egress 
unchanged,  we  should  have     2i'  S'"  31\7,     24=  46'  59" 

.Assume  ingress  at     2  15  25     instead  of     2  15  50. 
which  gives     2i>  15'"  24«.2,     5.5=  40'  56" 


1457 

'Vv 

1  19 

5;i.i 

:;i 

K;  5(i 

1  Kil 

li 

1  20 

•s.c, 

.il 

.34  3<! 

151  1 

■■''1 

1  22 

37.0 

28 

39  15 

15I.S 

7 

1  ■>•> 

15.0 

2!) 

.31  33 

1020 

7 

1  2!) 

1  I.N 

57 

42  h; 

1!I5(; 

H 

I  4  7 

5i.:i 

27 

39  28 

2027 

"j 

1  51 

1.S.5 

25 

1;  1 

1.S7:! 

7 

1  4.i 

29.4 

21; 

7  ;i;i 

1907 

'.1 

1  45 

28.5 

2(1 

51  7 

2150 

7 1 
4 

1  57 

31.2 

24 

il  '.1 

20(;o 

^1 

1  5.') 

54.1; 

54 

14  50 

1800 

(i 

1  55 

3(;.4 

86 

0  53 

2154 

■j 

1  58 

7.0 

37 

1  10 

215.S 

S 

1  5,s 

12.1 

3(1 

5;t  17 

22:!'.i 

'■^ 

2  1 

12.:i 

24 

3  15 

23 1  1 

-,i 

.,     -, 

29.7 

37 

38  23 

234;!  7j  2     7  3(;.<!  24  47  39 

234(i  81  2     (i   l.i.l  23  45  10 

2388  8  2     8  54,1  2.1  IC.  40 

2;175  si  2     s  25.4  25     1  40 

7..c.:iT-2  .S4  2     8  28.9  24  47  39 

2497  7i-  2  15  24.2  55  41     9 


N"  21). 
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Catalogne-positioD. 
No.    I        R.A.         I     N.P.D. 


C.A. 

127 

95 

IL'I 

1  i:i 
19 


ArK. 
No. 


Gen.  Catal.  for  Equinox  1750.0 

|Mag)  «  I         a 


A    744      •-'  17    .S.C      1  17  ;?o  .52^ 

7.'.;)  ■>  i.s  4;i..">  i.;i  .-js  lm 

.S2I)      -J  ;5()  II..-,      14.",  17  12 

A    xVi  ■>  .)■>  :)\X<      1  i:i  1((  11 

H81       2  37  2.S.0  122  2;!  41 

.S«2  2  :i7  ;i!).2  1«2  2ii  .i.'i 

.s,s4  2  :i7  .■>(;. 7  1.! 7  24  4  7       77 

A    ;i24  2  II  :;4.ii  120  4(»  .",7     121 

M  '.'."it;  2  1'.)  41..S  i,",4    8    :ij    ;ir, 

M   !)61  2  .",!)  2;5..-,  i;,4  54    21     35 

1)77  2  55  12.4  Uf!     1  27      52 

10]«  :i     4     5.;!  12!)  51  30J     95 

A  i()2(;  ;;    4  5)s.4  i  r.i  22  17    121 

I 

1030  ;i     5  2(1. 0  131  24  56 1     95 

1050  ;)     7     9.:i  141  39  11       (M 


Assume  ingress  at    2  14  .j!)     instead  of 
which  gives     2''  1""'  CM,     l'7'  M'  4."," 

Assume  egress  at    2  22  It)     instead  of     2  2 
which  gives    2''  1«"'  .">(>".."i,    AV  :«'  41" 

Assume  egress  at    2  a;i  .">     instead  of    2  :;2 
which  gives     2''  31'"   i;!-.!».     j.5^  .'i.'i'  .{2' 


].",  4, 


I   .-i4. 


12.563 
2595 
2841 
2901 
12993 
;;i"'  :!!i-.2     instead  of   2942 


Assume  ingress  at    2  2!»  48     instead  of    2  2.s  4n 
which  gives    2''  33'"  1'.7,     2!P  53'  2(;'' 

Assume  ingress  at    2  33  57     instead  of     2  .33  37 
which  gives     2''  37"'  37".8.        32=  27'  5!»' 

The  R.A.  should  be   printed 
2  37  39.2 

Reduction 2'"  wnmg.  The  observatious  give  2''  3;»'"  57'.0,;3018 
47^  23'  {',".      If  egress  l)e  assumed  at     2  43  jj     instead 
of    2  43  3     we  shall  have    2''  :!!('"  .■>9-.3,     47=  23'  50'    i 

Assume  egress  at    2  44  :i     instead  of    2  45  3.     which   3]  111 
gives  (after  correcting  Hendkiisox's  table  according  to 
Argelandek's  determination.  H.H.N'II,  C)  2''  43'"  5!l-  1; 
30^  53'  8" 


Assume  egress  at     2  .■<li  32     instead  of     2  M  32, 
which  gives     2i'  54'"  7«.3,     (!5=  3'  58",     or  li  Iloroloijii. 

Assume  ingress  at    2  43  34     instead  of    2  44  34, 
which  gives     21"  49'"  52«.9,     (!5=  1'  3' 

Assume  ingress  at    2  54  .30     instead  of     2  ."■4  u 
which  gives        2''  55'"  27'.9,     55^  57'  l!i" 


3279 
319K 
.■i3I7 


I  Assume  ingress  at    3  4  54     iustead  of     3  4  20,    which   3509 
I     gives  3I' 4"' 23'.0.   3'.i'45'5".    There  is  no  other  reason 

for  this  change  than  that  accordance  is  thus  attained. 

The  proper  motion  is  not  large. 

The  ingress  must  be  taken  as  3  1  5o    instead  of  3  I  55,   3528 
and  egress  at      3  1;  35     instead  of     3  7  5.      See  Bonn 
Ob.s.  VII,  240.     Then  we  have    3I' 4'"  41M,    29- 17' 25* 


1070 


12  51.2      175  44  51 


Assume  ingress  at     3  4  .50     instead  of    3  li  o, 
which  gives     3''  4'"  .",:!".  1,     41     II'  :;."." 

Declination  should  be   51    2:1'  11',  a  tviiogiaphical  error. 

The  moineuts  here  .seem  clearly  wrong,  but  to  bring 
them  into  accord  with  the  present  position  would  re- 
quire the  subtraction  of  1'"  45-  from  the  ingress,  and 
also  30»  from  the  egress.  This  would  irive  3i'  1 1'"  44".(i. 
86^  2'  5«" 


3518 


7]  2  17  fi.7  27  33  47 J 

7^  2  18  55.4  41  33  43 

7 J  2  31  11.2  55  55  21 

8  2  32  5'.i.4  29  52  481 

7. J  2  37  36.9  32  28  33 

8  2  39  38.0  72  31  32 

7^  2  39  58. »;  47  23  4H 

8  2  44  0.8  30  52  20 

5  2  54  8.7  65  I  17 

7  2  49  56.2  65  1  J-j 

8  2  55  28. <;  ,-,.-,  .-,7  27 
7  :!  4  23.3  3!l  45  a 

74  •«  4  40.8  29  17  10 

7^,  3  4  54.8  nil  56 


1172  7j   3  II  4:!    si;     2  10 


10!I7  :!  16  1.1  156  4!l  43  2!» 

lO'.is  .{  k;  .-.i  !.-,(;  .jy  .^2  37 

A  1 102  :!  16  l(;..s  I  1:)  25  7  121 

M  11 16  :;  1:1  10.7  1.11  14  12  85 

1119  :l  I'.l  I '.1.7  1  12  57  49  58 

A  1121  ■■',  20  15.1  ]  18  46  loj  121 

112:!  3  20  58.;!  129  18  241  95 

1  1  18  .■;  25  54.8  150  50  36  4  7 

II.-,  I  :!  26,  52.'.l  151     !l  45  43 


.\ssume  egress  at     3  IC  18     instead  of     3  I(J  ,!s. 
which  gives     3''   15'"  51-.(;,     (ii;-"  47'  45' 

.Assume  ingress  at    .3  14  59     instead  of     :i  15   14. 
which  gives     3''   15"'  55-.9,     CU^  38'   IT 

Substitute  3  18  25,  the  recorded  ingress  of  I,.  112I  for 
3  18  29.  the  rccoriled  egress  of  tliis  star.  I'li.ii  «■,• 
have     3I'   l(i'"   I9-.7.     29"  2(i'  25' 

-Assume  egress  at     .3  2(i  27     instead  of     :;  22  27, 
which  gives     3i'  21'"  l(i-.0,     43' .30'  s' 

.Assume  ingress  at    3  17  37     Instead  of     .!   19  .19. 
which  gives    3''  18"'  17-.0,    5;r  15'  5s" 


Substitute       ,">   18  29.      1 
3  IS  35.     recorded  ingres^ 
;(!,  2,|,„   ]._,.  4       2,s'  47' '28" 

.Vssnme  ingress  at    3  21  51', 
which  gives     3I'  20"''37-.5. 


•rded  egress  of   I,.  1 102.   for 
s  of  this   star,  and  we  havr 


instead  of 
39"  2(i'  5' 


J3665 
'3670 
3755 

38  1(1 

.•!75!t 
;>8;'>7 

3835 
.3'.)  I  1 


Assume  egress  at  ;;  2(!  32  instead  of  ::  25  42  and 
we  have  3I'.  2(1"'  20-.3,  ir  44'  2ii',  or  another  obser- 
vation of  I,ac.  1149  already  ob.served  on  p.  49. 

These  obsi'rvatioiis   are  reduced  in   the  British  eilitlon   402." 
using    3  27   II    iustead  of   3  37   II    for  time  of  egress, 
lint  it  Is  necessary  to  assume  tin-  Ingress  at    3  25  52 
instead  of  3  2ii  22."  which  gives  3''  31'"  34-.3,  (•.2' 22'  Id' 


7 J  3  15  51.2  66  47  35 

7J  3  15  57.0  66  38  6 

~l  3  16  18.7  29  26  58 

6  ;;  21  1  1.8  4;!  ;!i)  12 
8}  ;;  18  16.7  53  16  7 

7  3  20  12.6  28  4  7  (3 

8  3  20  35.8  39  25  51 
7  3  26  19.4  i;o  42  37 


r+  .-!  31  .15.8  6 
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.1(11    UN  A  i. 


N"  -ill. 


Catalogue-position. 

C..\. 

Arg.  Gen.  Catal.  for  Kqui 

nox  17.50.0 

No. 

R.A. 

N.P.D. 

No. 
39!>7 

Mer 

7i 

a 

d 

1168 

3  29    7.4 

148  46  58 

47 

Assnnie  iiiKiess  at    M  2(i  4.!    instead  of    3  •!:>  4H.    which 
jfives     ,'11'  211"'  3K-,     .18'  MiC  17",     boiii!;  another  obser- 
vation of  Lac.  1170.  also  oh.servi-d  on  p.  41i. 

h       in        • 

3  29  31.0 

:,H  38  55 

1  1 7.-! 

3  29  51.2 

143  46  35 

58 

.\ssnnie  efiressat    ;}  :J4  4!i     instead  of    .i  :i;i  .".l, 
which  iiives     3i'  30'"   17".!l.     .-.:(    .".4'  I'll" 

4024 

7;i 

'  4 

3  30  17..S 

53  54  29 1 

ll'.lL' 

3  32  27.it 

148     6  40 

52 

.Assume  in<;ress  at    3  31  r>4     instead  of     .!  31  :,'.<. 
whieli  -lives     '.V'  32'"  24".."i,     5S'  0'  0" 

4053 

'  4 

:;  .•!2  24.(1 

5K    6  28 

llO.'i 

3  32  .•".9.7 

116  55  15 

52 

.Assnine  ingress  at    3  27  50     instead  of    .".  I's   10, 
whicii  -rives     .'ii'  32'"  29-.,-.,     r.r,'  -,7'  47" 

4059 

V? 

3  32  32.3 

56  57  53 

1 200 

3  33   13.1 

1  16  52  22 

52 

Assume  ingress  as  recorded  for  no.  1201.     3  2!i  20.     anil 
reduce    for    upper    part,    wliidi    gives       :'.''  33'"  42-. 9. 
.■■.7'  :i'   14" 

4  OS  4 

' 

3  33  42..H 

57     3     2 

1201 

3  33  46.9 

146  54  28 

52 

Assume  inirress  as  recorded   foi-  no.  1200.  ileductinv;  20- 
maliin-;    3  2!l  4.    whicli  gives    3'' 33'"  43^7,    .".(i   .-.7' 4'.!' 

4087 

"4 

.-!  33  43.3 

56  57  48 

120!t 

3  34  26.H 

147  31  34 

53 

Tlie  star  ol)served  seems  to  have  been  G.(".  4I07,  but  its 
position  can  l)e  reproduced  only  by  supposing  the  ingress 
to  have  been  30-   earlier  and  the  egress  40-  later  than 
recorded.      These  changes  would  give     3i'  34'"  32-.."), 

;-,7>  21'  .50' 

4107 

8 

3  34  .35.1 

57  21  53 

M  1210 

3  34  38.4 

1 78     7  50 

1  1 

.\ssunie  egress  al     :!  4.")  :'.7     instead  of     .!  3;",  47. 
whicli  gives     3''  39'"  4:i-.4.     79    9'  .I.-." 

4040 

6 

3  39  50.6 

79  10  28 

1 2;i;i 

3  37  .32.6 

145     S 46 

59 

Assnnie  ingress  at    3  37  2«     instead  of    :'.  :w  :!s. 
which  gives     S"  37""  o7\S.     .i.l"  1(1'  2' 

4  1  76 

7 

3  37  58.3 

55  16  30 

1251 

;!  40  15.7 

121  22  44 

113 

Using  ingress   3  38  45  of  no.  lar/J.  we  have  3''  40'"  3.')-..5, 
31"  27' '^23" 

4275 

"4 

;•,  40  34.6 

.il  27  36 

1252 

;!  41    10.1 

121  42  49 

1 1 :! 

Using   ingress      3  39   7     as   rcconlid    fi.i-    no.    I2.M.   we 
have     31'  41'"  21'..-.,     31=  3.s'  11' 

4299 

7 

3  41  22.1 

31  38  24 

1276 

3  44   18.0 

135  47  29 

77 

Assume  ingress  at    3  44  18     instead  of     .!  43  43. 
which  gives     3''  44'"  3(1\.-..     4r.    41'  .12" 

434  1 

'  4 

3  44  36.0 

45  42    5 

12!t0 

3  46     1.1 

l.;7  34  47 

71 

Assume  ingress  at    :i  +(l  39     instead  of    :i  4<i  c.i. 
which  gives     3''  4.".'"  .MM.     47     3s'  8" 

4364 

,si 

:!  45  50.0 

47  37  15 

121)5 

3  46  46. (t 

164  39  15 

19 

which  gives     3''  4-7"'   U-.7.     74    47'   19" 

"i 

3  4  7  12.5 

74  46  55 

12i).s 

;;  46  .VS. 5 

162  42  18 

19 

Assume  ingress  at    3  io  2(1     instead  of    3  44  2(1.     and 
egress   at     3  47  13      instead     3  48  13.     which   gives 
31'  47'"  0".(1,     72'  24'  44" 

4289 

6i 

.-,  46  55,3 

72  25  41 

1300 

3  47  32.6 

145  33     1 

59 

Assume  egress  at    3  48  35     instead  of    3  48  '>», 
which  gives     3''  47'"  22'.2,     55°  35'  52' 

4375 

'4 

3  47  20.9 

55  35  49 

1.30;! 

3  47  .58.5 

145  33     3 

52 

This  star  is  manifestly  identical  with  no.  1300.  there  being 
no  other  in  the  sky  which  could  have  been  noted  as  this 
was.    Yet  the  observations  can  only  be  made  conform- 
able by  supposing  errors  of  record  in  both  ingress  and 
egress.     Assuming  the  former  as  45"  and  the  latter  25^ 
earlier,  we  should  have  for  the  observations    3  47  40 
and  3  48  2,      which   give   the   position      3''  47'"  23'. 2. 
5,-)°  35'  52' 

1:515 

.3  50  25.2 

133     4     6 

84 

.Assume  ingress  at    3  49  20     instead  of     :l  49  o. 
which  gives     3''  50">  35'.6,     43'  0'  31" 

4450 

'i 

3  50  37.4 

43     0  26 

1334 

3  54     1  .S 

167  33     4 

15 

Assume  egress  at    3  54  18     instead  of    3  53  48, 
which  gtves     3''  54'"  17».5,     77°  28'  31" 

4371 

,s 

;!  5  1   16,3 

77  27  48 

1361 

3  58     4.1 

1 4 1  52  26 

65 

.Assume  Ingress  at    3  57  2     instead  of    3  55  47, 
which  gives     3'-  58'"  40M.     52°  4'   19' 

4605 

8 

3  5.H  40.0 

52    3  39 

A  1368 

3  58  57.0 

119  33  49 

121 

Assume  ingress  at    3  55  20    instead  of    3  55  2s. 
which  gives     3''  .58'"  52».9,     29'  35'  32" 

4636 

73 

3  58  53.0 

29  35     1 

M1392 

4     4  42.5 

154  54  49 

37 

Assume  ingress  at    3  59  7     instead  of    3  5s  57. 
which  gives     4''  4'"  47^5.     (54°  .53'  48" 

4674 

6i 

4     4  47.1 

(U  53  53 

A  1393 

4     4  52.0 

113  58.57 

133 

Assume  ingress  at     4  2  37     instead  of     4   2  7. 
which  gives     4''  5'"  7'.5.     23°  .52'   10" 

4772 

64 

4     5     7.3 

23  52  47 

1427 

4  11  48.1 

143  35  58 

58 

Wrongly  reduced  in  British  edition,  owing  to  misplace- 
ment of  a  tvpe  in  the  original.    Ingress  was  at    4   m  41, 
which  gives     4''  12'"  8'.4,     53'  30'  8" 

4-S57 

'• 

4  12     7.5 

53  31   11 

1446 

4  15  43.5 

130  32  25 

95 

( )bservation  must  have  been  in  the  upper  part.    Ueduciug 
accordingly,  and  assuming  egress  at    4  21  23    instead 
of    4  21  28,     we  obtain     4'"  15'"  U\0.     40°  .38'  51" 

4952 

'I 

4  15  42.2 

40  38  32 

N"  211. 


I'  II  K      A  si'  lio  N  ()  .\1  1  (   A  I.     ,111  I    K  N  A  I. 


Cataloi;ue-p(iMiti<>ii. 
No.    I        IJ..\.         i     N.P.J). 


A  1  l.-)0  I  k;  ■>-;.:)  12(1  .".7  ■>■> 

A  N.")H  1  17  :;(;.:;  i  \:>  v.t  a 

1  Kw  4  IS  4;i..j  142  22   U! 

A  I  li;.^  I  is  4!).l  12(1  22  20 


121  I  Assume  iii'j;ress  at  4  1.'.  40  jii.<^tua(l  of  4  15  4.'i,  and 
ogress  at  4  1(!  24  iu stead  of  4  Ml  l!i.  wliicli  ^ives 
4I'  W"  24M,    :)0^  :,i'  2«" 

\-)\      .Assume  iiif^ress  at    4   14  o     instead  of    4   14   LI, 
wliicli  gives     4''   IT'"  .ilM),     211    40'  44" 

(;.-,      Assume  ingress  at     4  19  0     instead  of     4  n  .">. 
which  gives     4''  r.t"'  9".!),     .52°  30'  47" 

)•>]      .\ssunie  ingress  at     4   Hi  34     in.stcad  of    4   Hi  44. 
'•     which  gives     4I'   )«"•  42'.4,     30"   !!»'  23' 


A   1  ISK       1    19  4'.l.'.(       llil  ■'>')      1!    l-'l    '  Assume  ingress  at     4   Hi   13     instead  of     4    Hi   l.s, 

which  gives     4''   19'"  47-.4,     29^  3(i'  7" 


A  14M."i  4  2(1     2.:;  1  HI  2(;     4 

A   M'.ll  1  21   2(;.4  1  r.i  2.".  :i7 

1  l!»:i  4  21  .".l.!  12;i  2  7  .'il 

14117  4  21  :i;i.l  12(;  12  11 


A  l.")()4  4  22  24.1  ll.'i  4ti     i'.j    127 

l.">4  2  4  29     1..S  l.-,l  4X,  14 

l.VIC,  I  .-id  24.7  1  1.".  :50  ;!2 

1.").".4  1  .•!2  l.s.l  l.".l  20  2;') 

l.")(>2  I  .!.■;  2(;  1  l.!."i  II  .-.i 

I  A  l;-»70  4  34  2."..'.i  11«  27  :>■>     121 

\M:\  I  .•>7  i."..l  MO  l.s  h; 

1(;02  I  .'is  1  •.>.(■,  ill  ;;.■,     4 


121      The  best  accordance  may  be  obtained  hv  assuming  the 
I     ingress  at    4  Hi  49    instead  of     4   HI  .")1,     wliicli  gives 
4''  20'"   1-.3.     29°  2(i'  28' 
]21      Assume  ingress  at     4  18  11     instead  of     4   Is   lii, 
which  gives     4''  21'"  2;l'.«.     29-  31!'  41" 

S)i")      Assume  ingress  at     4  21  4<i     instead  of     4  22  4ii. 
which  gives     4''  21'"  0-.2,     :)'.)"  'M'   1" 

i)o     Assume  ingress  at    4  22  411    instead  of    4  2.'!  lo. 
which  gives     4''  21'"  .■!7-.4,     39    32'  20" 

Error  of  reduction  in  ISritisli  edition.  Also  lussunie  in- 
gress at  4  21  27  instead  of  4  21  32,  whieli  gives 
4''  22'"  17".0,     2.-.'  44'  :,:>' 

This  and  live  following  stars  are  recorded  in  the  (.'onlum 
I  Aiisti-filc  one  hour  too  early,  17.11  Dec.  HI.  The  hour 
i     should  be  .■).  giving  i)osition     .">'' 29'"  I-.,s.     (i]>^43'7' 

:yj     .Assume  ingress  at    4  30  f<     instead  of    4  30  48. 
which  gives     4''  .30"'  .'r.ii.     ."..')=  24'  .lO" 

.|;{      Assumiugtlie  hour  as  .1  instead  of  I,  we  have  '>''  32'"  IS".  I 

fil^  20'' 17" 
77     Assume  ingress  at     4  3.!  .39     instcail  of     4  32  .W,     and 

egress  at    4  40  19     instead  of     4  :;:>   19.     which  gives 

4i>  ;U'"  1.-)'..-),     4.V  47'  .-.4" 


.Arg.  (ien   (  atai.  lori-.>|u 


Assume  ingress  at    4  33  3fi     instead  of    4  .iii  2II. 
which  gives     4''  34'"  30«.9.     2M°  25'  41" 

.Vssnme  ingress  at     4  37  24     instead  of    4  37  44. 
which  gives     4''  37'"  n-.s,     '.()'  21'  ."ill" 


both  ingress  and  egress  recorded  too  late,  the  former 
by  30"  and  tlie  latter  by  20-.  Assuming  the  true  times 
as  4  ;i4  29  and  4  4:1  27  we  have  4''  37'"  4"".S, 
.-il'  33'  27" 


No. 

jMag 

a 

8 

4!I72 

i 
7^ 

4  lfi"'23.'.T 

30°o4'47 

4!i;»'J 

H 

4  17  30.2 

29  46  32 

49'.t;-. 

'4 

4  I'.t     9.1 

:)-2  30  42 

.'.021 

7  1 
'  •-' 

4  18  43.2 

30  19  33 

.'.044 

K 

4  1!!  47.3 

29  37.  28 

.50.'.0 

■^i 

4  20    0.1 

29  26  27 

.')082 

'2 

4  21  23..-. 

29  26     7 

.■)(»."i(; 

'2 

4  21      1.0 

39  3.S  06 

7.073 

li 

4  21  3.'..;» 

39  32  48 

oil.'. 

h:> 

4  22  16.0 

2,".  4.".  10 

67.(16 

n 

.'.  2it    ].;• 

61  43  17 

.-.233 

Ti 

4  30    0.2 

.1.-.  24  38 

658l» 

H 

.i  32  14.i» 

61  20    7 

')3->(» 

7i 

4  34   17.7 

4;.  47  43 

-.34  7 

7J 

4  -.U  2'.t.3 

28  2.-.  42 

536t» 

7i 

4  37     6..-! 

.iO  21  46 

'>;!8 1 

av 

4  37  48.4 

.-.1  3;;  22 

163.-!      4   1.1  2.S,2      l.'.l    l.s  4  4 


The  hour  should  be  .■>.     'I'hen  assume  ingress  ut    .")  41  23   (;8;'.6      7',      •''  4-"'  21.'.( 
instead  of  .'1  41.!:!.  which  gives  .•>'' 43"' 23-.I.  (ilM9' 4S- 

1(!6I       I    l7.)l.o      129  16;'.3J     97.     Assume  ingress  at    4  49  12    instead  of    4  49  32,  .•,63." 

which  gives     4I'  47'"  40m-.,     39^  20'  4.-.' 


■V      I  4  7  4  1..". 


A   16(1 


I    IS. •(!.(;      11:1     I)     o     |._>|    I  Assume  egress  at   4  .".0  4.">.    rerordetl  for  no   Hi?:),  which   :i(\~H      T-'       \   |.s   |;i.l 
gives      4I'  4.S'"  .■.o-.,s.      29^   17'  23":      boili  ingress  and  ■* 

egress  reiiuiriiig  a  correction  of  s- 

A   l(;7:i       I  49  .k;  1       lis  ."i.s     9     121 


KlSd       I  .-,()  .^,(1.  I      |.-,|  53  31'     43 
l'!9l       I  .-.2   I4.S      1  14  23  14!     59 


I70(;       I  .•.;;  .111. '.I      l.-,l  28  10,     43 


Using  the  egress     4  iiO  C.     recorded   for   no.    Hii!.*..    we    ."1690      l-'      4  49   15  6 
obtain     4''  49'"  17'.o.     2k   49'  41' 


The  hour  should  he  ."1. — giving   .".'' .".O"' .•.0-.3,    tir  .•.3'24'    "031 


:. :.()  .".1.4 


.Assume  ingress  ai    4  ."lO  12   insteail  of    4  49  12.     which   7.732      7'      4  7.3  12.4 
gives     4I'  ."..!'"   14-.9.     .-.4     ;10'  47'.     Supposing  also  Mi.' 
egress  al      4  .">7  .■i2      instead  of     4   .".7  .">7.     we  should 
have     4I'  .•.:!"'   I2-.3.     ."il "  33'  2' 


(il  19  26 
.39  20  .".0 
29  17     7 

28  7.0     91 

61  7.3  16 
7.4  33  1 4 


The  hour  should  be  '>',  the  corri-spomling    place   being    7108      8 
o'' .■>.•!'"  39-. 7.     lil '  2s' 3*.     .Vssundng  ingix'ss  at     r>  .'.O  ri."i 
Instead  of  .".,"■  I  ."■.    we  obtain  (he  position   ."■'' ."liC"  34-.T, 
lil     29'   13'   < 


■.3  .33.7      61  28  .-,0 


172:!      I  57  :il.:, 


(;2    17   17        19      .\ssun\e  lni:ress  at      4  ."il  29    Insteail  of    4  ."•4  ;I9,     which    .".7|;i      f.A       157  21.0 
gives      4I'  .">7"'  21!-.."..      72'  48'  42':     the  same  star  as 
l.ac.  1721. 

15861      8       4  59  47.0 


1734       4  7)9  .'.7.1       1  l.'i    Hi    II        .VJ    I  As.sunie  iniiii'ss  at     4  ,".9  .".     Instead  of     4  .V.I  :tA 

I     which  irive-i     4''  .•i9'"  42".  1,     .".,'.'  .50'  .-.2' 


72  4S  21 
55  50  58! 


1;V2 


r  H  K      A  S  T  U  ()  N  ()  M  1  C:  A  I.     .M  )  I    IJ  N  A  I, 


N'  :.M  1 


( :ataIoguc-po8iti 

ou. 

C.  A. 

Arg.  Gen.  Catal.  for  Equinox  ITno.O 
No.  Magi           a          1        d 

No. 

R.A. 

N.P.I). 

1742 

h       III       • 

s    1    4.r. 

148     7  42 

;->3 

.\ssiiiiie  ingress  at    4  59  4o     Instead  of    .'■  o  40, 
which  gives     yi'  <)'"  ;«M.     .".7    59'  40" 

5879 

1 

5''  o"37!3 

58°   1    3 

i74ri 

;->    1  •.':;.  II 

l.il     .-.  16 

95 

.VssiiiiK'  egress  at     5  (>  57     insteaO  of    .">  .".  57. 
which  gives     5''  1'"  5.-)'.0.     40^  .'.H'  42" 

5950 

n 

5      1   .",1.(1 

10  53     7 

176fi 

r>     1   II.:!. 

1.V2     6  .">7 

4.3 

Should  he  <iiie  hour  later,  giving  (!''  4'"  44-.i.     (i'2    (1'  4«' 
'J'lic  imaginary  /t  Doradus. 

7410 

•''i' 

C.     1    17.0 

('.2     6  59 

I71II) 

."i    7  :>\>.\ 

l.il  27   1.! 

95 

I$y  supposing  the  ingress  T.i'  later,  i.r.    5  9  4    instead  of 
5  8  41,     we  olitain     .■>''  8'"   10'.4,     41"  :i2'  5" 

6080 

- 1 

5      S    10.0 

11  ;!2  17 

1  HO."". 

:,  1(1  3:..;; 

i::i  23   1  1 

95 

Supposing  ingress  23>  earlier,  !.<.     5  10  4:'.     instead  of 
.'-.   11   i;,     we  obtain     .51'  10'"  24-.:!.     41     19'  22" 

6129 

" 

5  10  25.1 

1119     7 

181,s 

:.  12  ;".i..". 

1  .■..-.  .■•,:,  1  1 

37 

.\ssnnic  ingre.ss  at     5  (>  10,     instead  of     5  (!  50, 
which  gives     5''   12'"  31".5,     Co    :»'  49" 

6097 

'v 

5  12  31.2 

65  31   13 

181!» 

:>  12  :>'.).:• 

17.-.  49  .^8 

3 

Assuming  ingress  at   5  3  35   instead  of   5  4  .^"i,    we  have '5685 
r,i,  12.1.  2S..3,      83^  52/  53.'.      „  second   ohs.-rvalion  of  j 
Lac.  18 IG.                                                                                    ' 

' 

5  12  30.5 

80  53  40 

183--' 

18  k; 

;<  It  .-.1.1 

;")  17     2.(; 

124  4.-.   16 
1  26  ."..')  29 

107 
101 

Assume  ingress  at    5  11  .'iO     instead  of     ".   11   n.                16254 
which  gives    5"  15'"  7'.5,    34^  .39'  41' 

Assume  egress  at    5  20  9     instead  of    .".21  9,                  16290 
which  gives     5''  IG'"  3;K7,     3G=  43'  35"                              ! 

73 

5  15     6.3 
5  16  ;!3.7 

34  39  41 
36  43  54 

1847 

.'«  17    (!.(; 

14  1  29     6 

64 

Reducing  for  upper  part  of  the  reticule, 
we  obtain     5''  17"'  10».3,     51='  34'  49" 

6270 

7i 

5  17     9.2 

51  33  27 

is:,(! 

:.  18  ;i;!.:) 

1  26  36  3;". 

101 

.\ssnrae  ingress  at     5  19  55    instead  of    5  20  55,    which 
gives    5I'  18'"  2^8,    3G°  48'  33".     This  error  of  1'"  oc- 
curs for  four  successive  stars  on  p.  (15,  inf. 

6324 

n 

5  18     2.7 

36  48  46 

1864 

r,  19  22.4 

i;;;.  1 1  43 

77 

Can  be  reconciled  with  the  sky  by  assuming   ingress 
5  20  15     instead    of    5  20  25,      and  supposing  egress 
at  .->:i»  inste.ad  of  3.5^   This  gives  5i'  19'"  2.5\G,  45^  IC  32" 

6347 

8 

5  19  26.5 

45  16  31 

1891 

.".  21  1  l.s 

120     3  10 

121 

Adopting  Argisi..\ndi5r's  suggestion,  and  interchanging 
recorded  egress  of  1891  with  ingress  of  1915.  we  find 
51.  24"'  14\6,     30°  1'  08" 

6476 

' 

5  24  14.8 

30    2  12 

1!)()1 

^>  2;">   14..". 

137  36  36 

71 

.\ssunie  ingress  at    5  26  (i     instead  of    5  2G  2ii, 
which  gives     5i'_25"'  34'.3,     47°  39'  57" 

6473 

7f 

5  25  34.8 

47  39  52 

i;)i:> 

;")  28     1 . 1 

1  18  ,•)()  40 

121 

Substituting  for  recorded  ingress,  the  egress  of  1891, 
we  And     5'.  28'"  0».4,     28°  51'  G" 

6574 

H 

5  27  59.4 

28  51  20 

19.')  3 

r.  32    (;.i 

1  r,:>  1 1  :>■> 

17 

To  make  this  accord  with  any  known  star  we  must  sup- 
pose both  moments  to  have  been  recorded  too  late,  the 
ingress  by    1"'  40"     and  the  egress  bv  2'".      Tliis  would 
then  give     5I'  :W"  1G^7,     75°  12'  21" 

(1415 

f<i 

5  ;!()  17.3 

75  12  49 

19,">8 

r<  32  2i.(; 

l.il     7  31 

49 

I  cannot  explain  this  observation  by  any  plausible  sug- 
gestion. 

19(!1 

1 

.'.  32  4().3 

144    19  47 

59 

The  egresses  of  19GI  and  19011  have  been  transposed.  As- 
suming also  the  ingress  of  this  star  at    5  30  29    in- 
stead of    5  30  ;«,     we  have     .5''  32'"  .50- 4,     .54"  41'  1" 

6610 

71 

5  :12  48.5 

54  43    4 

1966 

.")  33  49.2 

14.".     1  49 

59 

Assume  egress  at    5  36  26     as  recorded  for  1961, 
which  gives     5'"  33'"  34«.2,     55°  6'  4" 

6653 

'i 

5  33  33.2 

55    6    0 

1969 

;".  34  32.4 

l;;.".     1  2:1 

1      77 

.Vssume  ingress  at    5  35  48    instead  of    5  36  3,    which 
gives     5'.' 34'"  24\4,     45'  4'  0".     The  stars  were  pass- 
ing through  the  fleld  rapidly,  and  four  of  the  six  stars 
whose  transits  are  recorded  in  the  lower  part  between 
5  36  3     and    5  42  6    appear  to  be  wrong.      Also  the 
egress  of  no.  1944,  one  of  the  three  stars  recorded  in 
the    upper   part,  seems   to    require   diminution    by   5 
seconds. 

6699 

'^ 

5  34  24.2 

45    3  37 

1980 

5  36  18.8 

1  :!;j  ;")0  r)3 

77 

Reducing  for  the  upper  part  instead  of  the  lower, 
we  obtain     5''  36'"   1G-.7,     46=  34'   1(1" 

6748 

7i 

5  36  16.8 

46  34  38 

1983 

/)  36  43.9 

146  24  57 

52 

Assume  egress  at     5  41  24     instead  of     5  40  24. 
which  gives     5''  37'"   13-.3,     56°  33'  1" 

6738 

1 

7i 

'  4 

5  37  13.5 

56  33  49 
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LIIE    THEORY   OF    THE   REFLEX    ZENITH-TUBE    AND    DISCUSSION  OF 
OBSERVATIONS  OF    yDRACONIS, 

By  CHARLES  LANE   POOR, 


THE 


[Student  at  the  Johns 

The  Reflex  Zenith-Tube,  designed  by  Sir  George  Biddell 
AiKY,  was  in  continuous  use  for  nearly  thirty  years  in  meas- 
nrinfi;  tiie  zenith  distances  of  y  Draconis.  As  the  instrument 
appeared  so  perfect,  theoretical W,  a  most  accurate  determi- 
nation of  the  star's  parallax  and  of  the  constant  of  aber- 
ration was  expected.  In  the  Monthly  Notices  of  the  Roj'al 
Astronomical  Society  for  May,  1882,  is  a  paper  by  Mr. 
Dowsing  containing  a  discussion  of  the  observations  made 
during  tlie  years  1857-1875.  The  constant  of  aberration  as 
deduced  was  20". 378  ±0". 040,  or  considerably  less  than  the 
usually  accepted  value.  The  annual  parallax  of  y  Draconis 
resulting  from  the  observations  was  — 0". 131  ±0". 041,  a 
quantity  which  he  thinks  cannot  be  regarded  as  aecident-al. 
It  must  be  assumed,  according  to  Mr.  Dowsing,  that  there 
is  a  |)eri()die  error  of  some  kind,  probably  due  to  the  effect 
of  temperature  on  the  instrument. 

On  the  suggestion  of  Professor  Newcomb  I  undertook 
last  spring  a  rediscussion  of  these  observations.  The  results 
were  again  unsatisfactory,  although  the  constant  of  aber- 
ration came  out  a  somewhat  larger  (luantity.  This  led  to  an 
investigation  of  the  theory  of  the  instrument,  special  atten- 
tion being  directed  to  the  systematic  errors,  arising  from  the 
observations  being  made  off  the  meridian,  from  possible  non- 
Iiarallelism  of  the  micrometer  wires,  etc.  The  results  of  this 
investigation  form  the  gist  of  this  paper. 

The  Hellex  Zenith-Tube,  as  described  in  the  Greenwich 
observations  for  1854,  consists  of  an  objective  with  its  axis 
vertical,  and  below  this,  distant  nearly  half  the  focal  length, 
a  mercury-basin.  .lust  above,  and  firmly  fastened  to  the 
objective,  is  a  micrometer.  Objective  and  micrometer  to- 
gether can  be  revolved  about  a  vertical  axis.  In  figure  I,  let 
0  and  a'  be  the  principal  points  of  the  objective,  and  no,  o'R 
be  that  ray  from  a  star  near  the  zenith,  whose  direction  is 
unaltered  by  its  i)assage  through  the  lens.  If  the  mercury 
basin  be  distant  from  the  lens  a  little  less  than  half  the  focal 
length,  the  image  of  the  star  will  be  formed  at  /'  above  the 
lens  and  in  the  plane  of  the  inicronieter ;  and  if  K  be  the 
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point  in  the  micrometer  plane  vertically  alx)ve  the  first  prin- 
cipal point  o,  or,  what  is  the  same  thing,  the  place  where  the 
image  of  a  star  in  the  zenith  would  be  formed  ;  then  the  dis- 
tance PK  will  be  proportional  to  the  star's  zenith-distance. 
Were  the  point  A' visible,  this  distance  /Vi' could  be  directly 
measured  with  the  micrometer  and  the  star's  zenith-distance 
thus  found.  This  being  impossible,  the  distance  PK  must 
be  found  indirectly  as  follows.  Suppose  the  micrometer- 
wire  placed  on  the  image  at  P,  and  the  reading  noted  :  now 
revolve  the  object-glass  and  micrometer  through  180^  about 
a  vertical  axis.  The  image  of  the  st:ir  will  now  appe.ir  at 
P\  the  same  distance  from  K  as  P  was,  but  on  the  op|>o- 
site  side  of  A' as  regards  the  lens  and  micrometer.  By  now 
jilacing  the  wire  on  the  image,  we  measure  the  distance  PP' . 
the  half  of  which  is  the  required  distance  PK. 

That  the  two  settings  necessary  to  a  complete  observation 
may  be  made  at  one  transit  of  the  star  the  following  arrange- 
ment of  the  micrometer  was  adopted.  There  are  two  wires 
at  a  fixed  distance  apart,  moved  by  two  opposite  micrometer 
screws,  by  means  of  either  of  which  the  position  of  the  wires 
may  be  changed  without  altering  the  reading  of  the  other. 
Before  an  ol)servation  the  readings  of  both  heads  are  noted. 
As  the  star  comes  into  the  field,  its  inu^e  is  bisei-ted  by  the 
first  wire  by  means  of  micrometer  ..-l.  and  the  instrument  at 
once  reversed  without  waiting  to  read  the  micrometer.  Now, 
by  means  of  micrometer  B.  the  second  wire  is  causetl  to 
bisect  the  inuige  of  the  star.  Both  heads  are  again  read  and 
the  observation  is  complete.  The  first  reading  of  B  and  the 
second  of  A  give  the  position  of  the  wires  in  the  liireet  set- 
ting ;  the  last  two  readings  give  their  position  in  the  reversed 
setting.  The  metluHl  of  deducing  the  zenith-distance  from 
such  an  observation  will  be  more  clearly  seen  by  reference 
to  figures  II  and  III,  which  respectively  represent  the 
micrometers  and  field,  as  seen  from  above,  in  the  direct  and 
reversed  positions  of  the  instrument. 

<i„6„     is  some   determinate   or   zero   position   of    the  wires 
a  and  b. 
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a,b,  and  a„b„  are  their  positions  where  the  image  is  bi- 
sected respectively  by  ''  niid  n  in  liic  diicct  and  re- 
versed positions  of  the  inslniiiuiit. 


I'Vdiii  I  lie  liiiiut's  we  liavc  ili 


•11  v. 


KP  =  Kbo  +  bjj,  =  uji„ —  «,|A'  +  (>„((, 
KP  =  Ka„  —  a„a„ 


iMg.   II 

Fig.  Ill 


wheiici' 


h'P 
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Tiu'  sin-oiiil  iiumhIhu'  is  iinlcpciiilinil  of  the  pusitioii  of  K. 
llenee  the  zenith-distance  of  the  star  is  proportional  to  half 
the  difference  of  the  micrometer-readings  in  the  two  positions 
))lvs  iialf  the  distance  between  the  two  wires. 

In  order  that  tiie  readings  nniy  give  the  true  zenitii-distance 
it  is  necessary  thai  the  principal  planes  of  the  lens  and  the 
micrometer  be  horizontal,  and  tlnit  the  two  readings  be  made 
when  the  star  is  on  tlie  meridian.  In  actual  observations 
these  conditions  are  never  fulHlled,  and  corrections  to  the 
observed  zenith-distances  thus  arise.  Tiiese  corrections  may 
l)e  divided  into  two  classes  —  first,  those  arising  from  errors 
in  the  level  of  the  principal  planes  and  micrometer  ;  and 
second,  those  due  to  the  fact  that  the  complete  observation 
can  never  be  made  wiicu  the  star  is  on  the  meridian. 

Level  Corrections.  —  Consider  that  the  plane  of  the  mi- 
crometer is  parallel  to  the  principal  planes  of  the  lens,  but  all 
are  inclined  at  some  small  angle  to  the  horizontal  plane. 
First  take  the  case  where  this  inclination  is  wholly  in  a  north 
and  south  direction.  Tracing  out  the  path  of  the  ray  through 
the  system  l)y  means  of  the  Gaussian  theory,  it  can  be  shown 
very  easily  that  tiiis  level  correction  consists  of  a  number  of 
terms,  all  but  the  first  being  of  the  second  or  higher  orders. 
This  first  term  is  the  only  correction  discussed  or  applied  by 
Airy  in  the  original  reductions,  and  is  of  the  form 


0  =  -  a 


where, 


(I  =  inclination  as  shown  l)y  the  spirit  level. 

d  =  distance  of    the   micrometer  above  tiie   tirst   principal 

plane, 
c   =  a  constant  very  nearly  equal  to  tiie  focal  length  of  the 

lens. 

The  instrument  might  also  be  inclined  from-  the  east 
towards  the  west,  thus  throwing  the  image  off  the  meridian. 
The  distance  that  the  image-  would  so  be  thrown  might  be 
fouiul  in  a  manner  entirely  similar  to  the  above.  It  might 
amount  to  about  1"  of  arc.  This,  however,  would  cause  only 
a  correction  of  the  second  order  in  tiie  zenith-distance.  Again, 
the  plane  of  the  micrometer  migiit  be  inclined  at  a  small 
augle,  «',  to  the  principal  planes  of  the  lens,  the  latter  being 


considered  for  liic  moment  to  be  horizontal.     The  correction 
resulting  can  easily  lie  found  to  be 

8  =  — tans    X    '«'   X    a  constant 

Tills  is  of  tiie  second  ordi-r,  and  may  be  neglected. 

Obsvr cations  off  tlm  Meridian.  —  If  tiie  two  sellings  be 
made  when  the  star  is  on  tlie  meridian,  the  micrometer-read- 
ing/)/ks  the  level  correction  will  give  the  true  zenitli-dislance. 
Wlieii.  as  is  always  the  case,  at  least  one  of  tlie  settings  is 
made  off  tlie  meridian  tliis  is  no  longer  true.  Such  a  read- 
ing will  be  affected  by  two  kinds  of  errors  — the  first  due  to 
tlio  fact  that  the  star's  path  is  not  a  great  circle  ;  tlie  second 
due  to  any  errors  in  adjustment  of  the  micrometer.  These 
will  be  treated  separately,  the  latter  first.  In  other  words, 
I  shall  free  the  observed  reading  from  the  instrumental  errors, 
and  tlien  reduce  this  corrected  reading  to  the  meridian. 

In  figure  IV  we  Jiave 

A",   the  piiucipal  point  of  tiie  lens. 
TMK,  the  meridian. 

A,  tlie  aziinutii  of  tlie  star. 
ST,  the  apparent  patli  of  the  star. 
SL,  the  micrometer  wire. 

fl,  the  augle  the  micrometer  wire  makes  with  the  prime 
vertical. 
LK,  the  instriiinenlal  reading. 
KM,  the  corrected  instrumental  reading. 

From  the  triangle  LSK  we  have 

tan  LK  =  tan  SK cos(^+ A) 

tan  LK 
tan  -S7v  = 


(iOs{A+^) 

Again,  from  tlie  triangle  MSK, 

tan  MK  =  tan  SK  cos  A 
cos  A 


tan  LK 


Putting     MK  = 
tan  LK+  tan  Sz    = 


cos{A+f)) 
LK  +  &,     and  expanding  we  have 

cos  A 
cos{  A+f!) 

cos  A 


tan  LK 


tan-  LK  tan  & 


cos(A+^) 

The  last  term  maybe  neglected,  and  as  botii  /vA'and  fc  are 
very  small,  LK  at  its  maximum  being  about  2',  we  may 
replace  the  tangents  by  these  arcs,  whence  we  have  for  the 
correction, 

cos  ^4 


dz 


1     LK 


cos{A+^i) 

As  the  star  passes  very  close  to  the  zenith,  the  azimuth 
will  be  considerable  for  even  very  small  hour-angles,  and  the 
resulting  correction  large.     This  correction  is  to  be  applied 
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to  the  instrumental  zenith-distance  in  one  position  of  the  in- 
strument. Two  reailings,  liowever,  are  always  made.  From 
syninietry  we  can  see  that,  if  these  two  readings  be  made 
at  tlie  same  distance  ou  each  side  of  the  meridian,  and  if  the 
wires  be  parallel,  whether  inclined  to  the  prime  vertical  or 
not.  the  two  corrections  will  cancel  each  other,  and  the 
total  correction  will  be  zero.  The  non-fullillment  of  either 
one  of  these  two  conditions  will  give  rise  to  corrections  ;  — 
first,  the  wires  being  parallel,  but  inclined  to  the  prime  vert- 
ical, the  two  settings  may  be  made  at  different  distances  from 
the  meridian  ;  second,  wire  b  in  the  reversed  position,  may 
not  be  |)arallel  to  wire  a.  in  the  direct  position.  In  the  first 
case  the  correction  will  be  the  same  as  that  deduced  from 
the  above  formula  for  a  single  wire  inclined  to  the  prime 
vertical,  the  star  having  an  hour-angle  equal  to  one-half  the 
difference  of  the  hour-angles  at  the  two  settings.  For  an 
inclination  of  5'  to  the  prime  vertical,  and  a  difference  of 
hour-angles  of  16%  this  correction  will  amount  to  0".17.  In 
the  second  and  more  important  case,  when  the  wires  have  a 
mutual  inclination,  tlie  correction  will  be  the  same  as  that 
deduced  from  the  formula  for  a  single  wire  having  an  incli- 
nation to  the  prime  vertical  equal  to  half  the  difference  of 
the  inclinations  of  the  two  wires,  a  and  6,  with  an  hour- 
angle  equal  to  half  the  elapsed  time  between  the  two  settings. 
For  an  interval  of  one  minute  of  time  between  the  settings, 
and  a  relative  inclination  of  4'  between  the  wires,  tliis  cor- 
rection will  be  0".16.  This  relative  inclination  of  the  wires 
might  arise  either  from  a  maladjustment  of  the  wires  them- 
selves, or  from  imperfect  reversals.  The  instrument  was 
provided  with  stops  to  insure  a  reversal  of  exactly  180°. 
Hut  however  accurate  these  appliances,  owing  to  the  i-.ipidity 
necessary  in  making  two  settings  in  such  a  short  interval,  it 
would  seem  hardly  probable  that  errors  of  at  least  3' or  4' 
should  not  be  found. 

Reduction  to  the  MeriiUon.  — This  correction  is  entirely 
similar  to  that  applied  to  declinations  observed  with  the 
meridian-circle  when  the  star  is  near  the  meridian.  It  is 
discussed  by  C'haivkset  in  Vol.  II,  Article  1!<9.  The  en- 
tire width  of  the  field  of  the  instrument  is  a  little  more  than 
two  minutes  of  time.  In  an  extreme  case,  therefore,  the 
star  might  be  observed  one  minute  from  the  meridian,  which 
would  give  a  correction  of  0".9;">.  The  total  correction 
will  be  the  mean  of  the  corrections  applied  to  each  [losition 
of  the  instrument  separately. 

The  conclusion  is.  that  the  true  cause  of  the  unsatisfactory 
results  obtained  with  the  instrument  is  to  be  sought  in  system- 
atic errors  arising  from  the  |)ossible  non-parallelism  of  the 
micrometer  wires,  from  imperfect  reversals,  and  from  the 
fact  that  the  two  settings  can  never  both  be  inaije  when  the 
star  is  on  the  uieiicliaii. 

Discussion  of  the  Obserratinns.  —  The  observations  wore 
combined  into  groups,  each  group  consisting  of  all  the  com- 


plete observations  made  during  one  month.  The  mean  of 
each  group  was  then  found,  it  being  assumed  that  this  mean 
zenith-distance  corresponded  to  the  mean  of  the  times.  The 
positions  of  }■  Draconis  were  then  eom|iuted  and  the  resid- 
uals (Observed — Computed)  found  for  each  group.  Kat-h 
residual  was  weighted  proportionally  to  the  numbtr  of  ol>- 
servations  in  the  group,  and  the  mean  by  weights  of  all  the 
residuals  of  the  corresponding  months  in  the  different  years, 
1857-1882.  taken.  These  mean  residuals  were  weighted  pro- 
portionally to  the  total  number  of  observations  made  during 
the  corresponding  month. 


RKSiurAi 


Weight    No.  of  obs. 


January 

+  0.0.J5 

2 

33 

February 

—0.015 

2 

40 

March 

-1-0.063 

2 

47 

April 

—0.868 

I 

20 

May 

—0.024 

6 

128 

June 

—0.319 

10 

219 

July 

—0.152 

12 

257 

August 

—0.091 

12 

237 

September 

-f-0.044 

8 

156 

October 

—0.177 

4 

74 

November 

-1-0.111 

2 

;57 

December 

—0.072 

2 

26 

Total  number  of  obseiTations 
These  give  the  equations  of  condition 


Wi.      Residuals 


Jan. 

— 0.854,T 

— 0.423  *a 

—0.055  =  0 

2 

+  0.097 

Feb. 

—0.514 

—0.814 

+0.015  =  0 

2 

+0.115 

March 

—0.058 

—0.964 

—0.063  =  0 

2 

—0.037 

April 

-I-0.4U 

—0.859 

+  0.868  =  0 

1 

+0.80O 

iMay 

-1-0.812 

—0.537 

+  0.024  =  0 

6 

—0.105 

June 

-1-0.979 

—0.069 

+  0.319  =  0 

10 

+  0.1.55 

July 

+  0.893 

-(-0.400 

+  0.152  =  0 

12 

—0.006 

Aug. 

-1-0.586 

-1-0.773 

+  0.091  =  0 

12 

—0.021 

Sept. 

-f  0.098 

-1-0.961 

—0.144  =0 

8 

—0.077 

Oct 

— 0.:?87 

+  0.884 

+  0.177  =  0 

4 

+  0.228 

Nov. 

—0.787 

+  0.557 

— o.ni  =  0 

2 

+  0.013 

Dec. 

—0.947 

+  0.0«l 

+  0.072  =  0 

2 

-)- (1.231 

The  resulting  normal  equations  are : 


33.0976ar  +   6.0SSi8a  +5,7051  =  0 
6.0882,7  +2'6.o032A(  +1.4687  =  0 


.Solvini, 


It  =  —0.169 
9(1  =  —0.017 


weight     31,689 
25,183 


This  gives  as  the  tinal  result*. 

Parallax  of  r  Uriiconis     =  —  0.169    ±0.044 
Constant  of  aberration     =  —20.4285  ±0.049 
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I.      OusEUVATioNs   OP   Spots. 


1889 

E.S.C.T. 

No. 
Gps. 

No.  of 
Spots 

No.  new 
Groups 

No.  new 
Spots 

No.  Gps 
Faculae 

Sky 

1889 

E.S.C.T. 

No. 
Gps. 

No.  of  No. new 
Spots  Groups 

No.  new 
Spots 

No.  Gps 
Faculae 

Sky 

July   1 

11  30 

1 

1 

0 

0 

0 

c 

Oct.  10 

12  0 

1 

1 

0 

0 

_ 

KC 

4 

15  30 

0 

0 

0 

0 

0 

c 

11 

13  50 

0 

0 

0 

0 

0 

K 

6 

12  30 

0 

0 

0 

0 

0 

c 

12 

11  30 

0 

0 

0 

0 

0 

C 

8 

17  0 

0 

0 

0 

0 

2 

c 

i;") 

13  0 

0 

0 

0 

0 

2 

C 

17 

17  0 

2 

5 

2 

5 

_ 

c 

11 

12  30 

0 

0 

0 

0 

1 

K 

18 

12  10 

2 

7 

0 

4 

_ 

c 

I.-. 

10  35 

0 

0 

0 

0 

0 

CC 

19 

11  30 

2 

8 

0 

2 

- 

K 

10 

11  25 

1 

2 

1 

2 

0 

C 

21 

15  55 

1 

1 

0 

0 

- 

C 

17 

10  45 

1 

1 

0 

0 

0 

C 

22 

14  30 

1 

1 

0 

0 

- 

C 

18 

10  0 

0 

0 

0 

0 

2 

C 

23 

15  0 

1 

1 

0 

0 

2 

C 

19 

10  15 

0 

0 

0 

0 

2 

C 

24 

14  30 

1 

1 

0 

0 

_ 

K 

21 

10  0 

0 

0 

0 

0 

1 

K 

25 

14  0 

0 

0 

0 

0 

0 

C 

22 

11  15 

0 

0 

0 

0 

1 

C 

26 

10  40 

1 

5 

1 

5 

1 

C 

23 

10  5 

0 

0 

0 

0 

1 

C 

Aug.  2 

14  0 

•> 

8 

2 

8 

_ 

H 

24 

13  35 

0 

0 

(1 

0 

0 

C 

4 

14  0 

1 

11 

0 

8 

H 

25 

11  45 

0 

0 

0 

() 

0 

K 

6 

11  45 

1 

12 

0 

1 

0 

C 

26 

16  30 

0 

0 

0 

0 

1 

KC 

7 

13  40 

1 

13 

0 

1 

- 

C 

31 

10  45 

0 

0 

0 

0 

1 

C 

8 

13  45 

1 

7 

0 

0 

- 

C 

Nov.   1 

15  20 

0 

0 

0 

0 

0 

C 

10 

13  45 

3 

9 

2 

6 

K 

4 

10  45 

0 

0 

0 

0 

2 

C 

11 

15  40 

2 

9 

0 

3 

0 

C 

5 

14  0 

0 

0 

0 

0 

0 

K 

12 

10  30 

2 

5 

0 

0 

0 

K 

7 

11  0 

0 

0 

0 

0 

0 

C 

16 

11  30 

2 

6 

0 

0 

C 

•S 

14  30 

0 

0 

0 

0 

0 

KH 

22 

14  30 

0 

0 

0 

0 

0 

K 

11) 

15  50 

0 

0 

0 

0 

0 

C 

23 

10  55 

0 

0 

0 

0 

1 

K 

14 

11  10 

0 

0 

0 

0 

0 

C 

24 

12  15 

0 

0 

0 

0 

1 

H 

15 

13  30 

0 

0 

0 

0 

1 

C 

25 

12  15 

0 

0 

0 

0 

1 

C 

16 

13  30 

0 

0 

0 

0 

0 

C 

26 

12  15 

1 

1 

0  . 

C 

17 

12  0 

0 

0 

0 

0 

0 

C 

27 

11  10 

0 

0 

1 

C 

18 

12  45 

0 

0 

0 

0 

0 

KC 

28 

15  0 

0 

0 

- 

C 

■^6 

11  45 

0 

0 

0 

0 

0 

C 

29 

12  15 

0 

0 

1 

H 

29 

9  10 

0 

0 

0 

0 

2 

C 

30 

12  0 

0 

0 

- 

C 

30 

13  40 

0 

0 

0 

0 

0 

C 

Sept.  6 

10  15 

0 

0 

2 

K 

Dec.   1 

12  30 

0 

0 

0 

0 

0 

C 

8 

15  0 

0 

0 

1 

K 

;! 

15  40 

0 

0 

0 

0 

- 

K 

9 

16  30 

0 

0 

0 

0 

0 

H 

4 

12  10 

0 

0 

0 

0 

0 

C 

12 

9  0 

0 

0 

0 

0 

1 

K 

() 

14  30 

0 

0 

0 

0 

0 

C 

13 

9  40 

0 

0 

0 

0 

0 

K 

7 

12  0 

0 

0 

0 

0 

1 

K 

15 

16  20 

0 

0 

0 

0 

0 

C 

!) 

11  30 

0 

0 

0 

0 

1 

C 

20 

14  0 

0 

0 

0 

0 

0 

K 

H) 

14  30 

0 

0 

0 

0 

- 

KK 

21 

17  0 

0 

0 

0 

0 

- 

K 

11 

15  40 

0 

0 

0 

0 

- 

KK 

22 

15  0 

0 

0 

0 

0 

0 

C 

12 

13  30 

1 

1 

1 

1 

0 

C 

23 

10  50 

1 

1 

1 

1 

C 

13 

12  0 

0 

0 

0 

0 

0 

H 

24 

10  30 

3 

0 

2 

1 

K 

l.'> 

12  15 

0 

0 

0 

0 

1 

K 

25 

U  25 

3 

0 

1 

1 

C 

k; 

11  30 

0 

0 

0 

0 

0 

C 

27 

14  35 

8 

0 

4 

0 

CK 

17 

13  45 

0 

0 

0 

0 

1 

C 

28 

11  0 

5 

0 

0 

0 

CK 

19 

15  0 

1 

4 

1 

4 

0 

H 

29 

15  20 

6 

0 

1 

0 

C 

21 

14  0 

1 

5 

0 

1 

0 

H 

Oct.   1 

17  35 

2 

0 

0 

0 

C 

23 

14  0 

0 

0 

0 

0 

1 

C 

4 

10  15 

1 

0 

0 

_ 

C 

25 

15  0 

1 

3 

1 

3 

0 

C 

5 

11  45 

0 

0 

0 

0 

- 

K 

27 

15  35  , 

2 

9 

1 

6 

- 

C 

8 

14  15 

0 

0 

0 

0 

1 

K 

28 

14  50 

2 

9 

0 

0 

0 

C 

9 

10  0 

1- 

1 

1 

1 

1 

K 

31 

11  45 

1 

1 

0 

0 

0 

C 

102  days 

55 

183 

15 

70 

43 

K  =  Cloudy. 


The  above  observations  are  iu  coutiuuatioii  of  tbose  published  iu 
no.  201  of  tbe  Journal. 


The  hours  are  expressed  iu  Eastern  Standard  Civil  Time,  Green- 
wich Time  minus  5''  (reckoned  from  mean  midnight).     The  obser- 
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vations  are  made  upon  the  projected  image,  which  has  a  diameter  of 
8j  inches,  from  tlie  !>.+-inch  e<iuatorial,  and  an  eyepiece  of  power 
.^7.  Tlie  term  "  new,"  as  applied  to  groups  and  spot.s,  means  that  the 
group  or  spot  was  not  seen  before  on  tliat  rotation ;  deducting  3, 
therefore,  for  spots  seen  on  more  than  one  rotation,  from  the  totals 
of  new  groups  and  new  spots,  we  liave  for  those  totals  12  and  G7. 
The  corresponding  totals  of  new  groups  and  new  spots  for  the  first 
six  months  of  the  year  are  12  and  ."w.   Tlie  comparison  shows  that. 


on  tlie  whole,  there  has  been  hardly  any  Increase  in  the  spot^pro- 
ducing  activity  of  the  sun  during  the  la.sl  half  of  the  year. 

In  addition  to  the  spots  recorded  above,  I  have  obsen'ed  very 
minute  spot-points,  hardly  large  enough  to  be  classifieil  as  spot/t,  as 
follows:  Oct.  11.  1;  17,3;  22.3;  Nov.  4,  1;  Dec.fi,  2;  9,4;  17,2. 
One  of  those  observed  on  Oct.  22  had  the  high  latitude  of  about 
+51°.  Bright  facuiae  only  have  been  includc<l  in  the  list  given  iu 
the  seventh  column. 


II. 

Heliogkaphic  Latitide 

ANi>  Longitude  ov  tue  Chief  Spot  of 

Each 

Obs 

KKVED    (j 

ItOlI'. 

Group  No. 

No.of  Spots 
in  Group 

1889 

E.S.C.T. 

b 

/ 

Group  No. 

No.of  Spots 
in  Group 

1889 

E.S.C.T. 

f>                I 

12 

1 

July      1 

11   20 

S  42.41 

250.1 

19 

1 

Aug. 

16 

h       m 
11     55 

S    8.24 

36.6  ' 

13 

4 

17 

17  20 

S    7.55 

85.9 

20 

1 

27 

11  30 

S  18.97 

161.6 

14  =  10 

1 

" 

" 

S    8.29 

35.5 

20 

1 

28 

15     0 

S  18.98 

161.5 

13 

2 

18 

15  40 

S    7.63 

87.2 

20 

1 

30 

12     0 

S  19.26 

160.5 

14 

0 

u 

" 

S    8.35 

35.3 

21  =  20? 

3 

Sept 

24 

U     5 

S  20.70 

151.7 

14 

1 

22 

14  55 

S    8.24 

36.5 

21a 

(      3 

25 

11   15 

S  20.82 

152.8 

15 

i) 

26 

11     5 

S  21.94 

345.9 

216 

" 

" 

S  23.34 

152.6 

16 

4 

Aug.     2 

14   20 

S  20.34 

160.7 

21a 

f      8 

27 

15  50 

S  19.38 

150.6  , 

17 

4 

" 

" 

S     1.64 

201.9 

21c 

\ 

•' 

" 

S  20.72 

158.0  ] 

16a 

i 

11 

4 

14    10 

S  20.38 

165.3 

21a 

Oct. 

4 

10     0 

S  19.74 

1.50.8 

166 

" 

■S  21.33 

155.9 

22 

10 

14  25 

S  16.57 

62.1 

16a 

{ 

12 

6 

11  30 

S  19.81 

166.0 

23a 

16 

11  40 

N  22.30 

330.0 

166 

•' 

" 

S  21.10 

155.6 

236 

" 

" 

N  22.77 

325.7 

16a 

3 

10 

14  20 

S  19.93 

166.5 

236 

17 

11  50 

N  22.12 

324.9 

18 

5 

'• 

S    6.74 

80.3 

24 

Doc. 

12 

12     0 

S    6.84 

333.3 

1!)  =   14 

1 

" 

" 

,S    8.34 

36.7 

25 

19 

14  30 

N  23 

165 

18 

4 

12 

12  30 

S    6.93 

80.7 

26 

6 

27 

14     0 

S  25.71 

99.8 

19 

1 

" 

S    8.35 

36.0 

27 

1 

31 

14     0 

S    8.78 

343.5 

18 

5 

16 

11  55 

S    6.55 

81.3 

1 

The  mean  latitude  of  the  12  southern  groups  is  1.')°..") ;  that  of  the  2  northern  groups  is  22°. 7. 

Tlie  latitudes  and  longitudes  have  been  obtained  by  ("vRiMNiiTON's  method,  except  on  Dec.  lit,  when  the  >liagrain  of  the  projeclod 
image  was  measured.     The  factors  for  reduction  were  taken  from  the  "  rompanioii  to  the  Oliservalory." 

The  southern  hemisphere  continues  to  l)e  much  more  active  than  llie  northern.  Group  20  is  an  example  of  a  spot  breaking  out  .nfresh. 
and  replaces  group  Hi.     Groups  27  and  24  are  perhaps  identical. 


III. 


1881) 

No.  of  ilavB  :No.of  Prom- 
ofOhsorv'ne      liiences 

No.of  Prom. 
perObKcrv'ii 

3.0 
1.1 

!..> 
1.9 
1.3 

July 

August 

September 

October 

November 

December 

3                    0 

11 

11               ii; 

11                   17 
1 1                   l.~> 

44                 75 

1.7 

SpEcrnoscoi'ic  Ohskuvations. 

The  observations  in  each  case  cover  the  whole  circumference  of 
the  sun.  Prominences  less  than  20'  in  height  arp  not  included. 
Observations  on  39  tiays,  from  March  to  .Tune,  gave  almost  the 
same  number,  1.8,  of  prominences  per  ob.servallons.  The  promi- 
nences have  been  almost  Invariably  of  the  ipilescent  type  —  of  hy- 
drogen, as  is  to  be  expected  at  ii  perioti  of  minimum  solar  ac- 
tivity. 

The  observations  on  .\iigust  2,  4.  I(i,  2(*-30,  and  December  19-25. 
have  been  made,  in  my  absence,  by  Mr.  •).  II.  I'liooioi:. 


I)ii,-lm<inth  CoHfr/o,  Hiniorrr,  N.II.,  1890  .hiv.  30. 


oiisiiKWVi'ioN.s  oi'  \  .\wi.\i;i.i:  >r.vK.-«. 

MAUI,    vr  lii-.ouiiKloWN  riil.l.Ki.i:  ohm  l;\  xinitv, 
Uy   Ukv.  .KtllN  G.   HAGEN.   S.,I. 


The  lirst  two  of  the  foMowing  stars  were  ohscrved  In-  my- 
self witii  11  5-inch  ciiiiiitoriiil,  tlie  olliers  by  Mr.  J,jmks  Daw- 
son, Trofessor  nf  Thysics  at  this  Ci>llege.  willi  a  3-iiu-li 
glass. 

Tiic  rniigiiitiKics  were  reduced  lo  the  DM.  scidc,  and  llic 
times  to  Greeinvicli  M.T. 


1 .  .S'  .If/iKini. 
This  siiir  was  observed  on  22  iii^litt*,  l>etwi'i'ii  Sept.  19 
and  J:ui.  8  (1.H89-90).  The  light-curve  rises  rapidly  for  24 
diiys  from  9". 4  to  7". 9,  remains  almost  even  for  30  dnys, 
iiiid  then  declines,  with  an  apparent  inflexion  nl  {^".8.  The 
niaxlmiim  bright tie^tn  oeenrred  about  Nov.  2,  1889. 
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2.     R  Ceti. 

rill'  slur  was  observed  on  Ki  iiip;l)ts,  Ijetwecn  Deo.  11  Jiiid 
Fol).  10  (1889-90).  The  liglit-cuive  rises  nipidl.v  for  1.'. 
days  from  9.0  to  8.2  iiiaj;;iiiludu  ;  but  there  it  is  interrupted 
for  i:i  days.  The  decrease  of  light  is  shjw  and  regular  from 
magnitude  8.2  to  9.4.  Tlie  time  of  maximum  is,  for  the 
reason  al)ove-nientioued,  doulitful  witiiin  several  days,  but 
|)rol)ably  oi-cinred  on  Jan.  .'!  or  1.  1890. 

;i.      T  (Jpti. 

The  single  observations,  36  in  number,  between  Oct.  11 
and  Jan.  28  (1889-90),  show  great  fluctuations  because  of 
the  large  range  (10  steps)  of  the  available  comparison-stars  ; 
the  light-curve,  however,  drawn  through  the  middle  of  the 
plotted  points,  shows  great  regularity,  without  a  standstill 
on  eitiier  side  of  the  maximum.  The  latter  occurred  1889 
Dec.  16,  which  is  probably  correct  within  one  or  two  days. 
The  light  increased  from  6". 9  in  the  middle  of  October,  which 
must  have  been  about  the  minimum,  to  h^.Q  for  66  days, 
and  declined  for  the  next  44  days  to  6". 3,  when  the  star  dis- 
appeared in  the  sunset  horizon.  The  1 10  days  of  observa- 
tion, therefore,  do  not  cover  a  full  period. 

One  of  the  comparison-stars  showed  great  irregularities, 
but  on  the  average  declined  from  6". 6  to  7". 4  during  the 
four  months  of  observation,  wiiile  tiie  DM.  gives  it  as  6.0. 
Its  position  is 

0''  9'"  20". 7,     —21°  0'.6     (18.J.0) 

Tile  liglit-enrve  of  the  variable  was  comi)uted  twice,  viz.  : 
with  and  witiiout  this  suspected  star,  but  the  time  of  maxi- 
mum remained  the  same  for  both  curves. 

4.      V  Monocerotis. 
Of  this  star  two  maxima  and  two  minima  were  obtained 
from    39    oliservations,    between     Nov.     15    and    Feb.    16 


1889-90). 

Min. 

1889  Dec. 

11.0 

Lio- 

It  0.3 

Max. 

1890  Jan. 

2.5 

15.2 

Min. 

"  Jan. 

21.0 

" 

7.4 

Max. 

"  Feb. 

11.5 

" 

16.2 

The  interval  between  the  two  minima  (the  brighter  and  the 

fainter)  is,  therefore,  4  1.0  days,  and  tiiat  between  the  two 
maxima  40.0  days. 

There  is  some  evidence  of  slight  change  in  the  comparison- 
star,     DM.  —9°. 2086,  mag.  7.0. 

Most  <jf  the  lime  it  apiieared  brighter  than 
DM.  —9°. 2069.  mag.  6.8 
and  only  on  a  few  days  fainter,  viz  :  on  Nov.  15.  ,)an.  21-22, 
and  Feb.  18. 

5.      Ahjol. 
Two  minima  were  obtained,  as  follows: 

h        I.I 

18.S9  Nov.  15,  at  16  10±,  (Jreenwieh  .M.T. 
1890  F'eb.   12,  at  13  26 

The  first  of  these  two  minima  was  derived  from  Professor 
Schonkkld's  mean  light-curve  (Mannheim  1870).  For,  al- 
though 13  estimates  were  taken  wiliiin  3^  hours,  the  light- 
curve  had  a  break  of  50  minutes  just  after  minimum.  Three 
results  were  thus  computed,  viz:  8'",  5"'. 5,  15'",  which, 
combined  with  proper  weights,  gave  the  above  result  10'". 

The  second  minimum  is  well  determined  from  the  actual 
light-curve  which  was  constructed  from  20  observations, 
taken  about  every  10  minutes,  and  extending  over  3  hours. 

6.     R  Cunix  Majoris. 
Of  this  star  three  minima  were  obtained  : 

(1)  1890  Jan.  16  at  15     O^Gr.  M.T.         mag.  6.3 

(2)  "    Jan.  24  at  12  58         "  "     6.4 

(3)  "     Feb.  10  at  12  46  ±      •'  '•     6.5 

h      III 

Tlie  first  minimum  derived  from  15  obs'ns  within  1   20 

The  second     "  "  '^     13       '•  ■•  1   26 

The  third        "  "  "       8      "  •'  30 

The  third  minimum  is  somewhat  doubtful,  since  the  ob- 
servations began  only  16  minutes  before  the  minimum,  tlie 
ephemeris  liaving  marked  the  ai>proximale  lime  as  14  hours. 


Georgetoivn  College,  Washington,  D.C.,  1890  February  19. 


EPHEMEKIS   OF   COMET  d  1889, 


Gr.  M.T.  l.si)0 

App.  a 

App.  ^ 

Mar.  6.5 

2"  32"  16* 

-t-18°  45.9 

7.5 

34  9 

18  55.2 

.8.5 

36  3 

19  4.5 

9.5 

37  57 

13.7 

10.5 

39  51 

-22.8 

11.5 

41  45 

31.9 

12.5 

43  39 

40.9 

13.5 

45  33 

49.8 

14.5 

47  28 

19  58.7 

15.5 

49  23 

20  7.5 

16.5 

2  51  18 

-f-20  16.2 

log  r 


(Contiimed  from  page  140.) 
By     WILLIAM     BELLAMY 
log  A  B 


0.3689       0.4418      0.22 


0.3720      0.4504      0.20 


0.3752      0.4588      0.19 


log  A 


0.3783      0.4668      0.18 


0.3815      0.4746       0.18 


27.5      3  12  32     -i-21   47.2      0.3846      0.4822      0.17 


Gr.  M.T.  1890 

App.  a 

App.  8 

Mar.  17.5 

2  53  13 

-f-20  24.9 

18.5 

55  8 

33.4 

19.5 

57  4 

41.9 

20.5 

2  58  59 

50.4 

21.5 

3  0  55 

20  58.7 

22.5 

2  51 

21  7.0 

23.5 

4  47 

15.2 

24.5 

6  43 

23.3 

25.5 

8  39 

31.3 

26.5 

10  35 

39.3 

N''-212. 
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OBSERVATIONS  OF   COMET  d  1889, 

MADi:   AT   TIIK   IIALSIEU   01iSliK\  A TOUY,    I'lilXCKTOX,    WITH   TIIK   2?.-I.SCII    KQL'ATOHIAL   AND   .SQfARE-ItAK   MICROMKTKIt. 

By  D.  C.  miller. 
[Communicated  by  Professor  Youxc] 


Eastern  Standard  Time 

* 

No. 

P- 

-* 

#-s. 

pparent 

logpA         1 

= 

Gr.  M.T.  — 5i> 

Corap. 

^a 

^8 

a 

s 

foro 

for,) 

1889-91 

d        h       in       e 

„ 

g 

1        If 

ii 

, 

1     ■ 

C.            » 

If 

Dec. 

9     6     2  16 

6 

6 

— 0 

57.32 

+  4  37.8 

0 

10 

19..50 

+   39 

18.6 

n8.998 

0.724 

9     6  54     2 

6 

6 

— 0 

54.70 

+  4  57.6 

0 

10 

22.12 

+  39 

38.4 

6.591 

0.723 

11      7  21   49 

/ 

18 

— 1 

18.88 

+   7  40.4 

0 

12 

46.99 

+  3  30 

53.1 

8.830 

0.720 

12     7      1    12 

8 

11 

+  3 

41.95 

+   2  57.6 

0 

13 

59.50 

+   3  41 

19.5 

8.566 

0.719 

\\\     7  20  49 

9 

12 

+  0 

54.79 

—11   51.7 

0 

15 

14.47 

+  3  52 

0.3 

8.870 

0.717 

16     7  18  44 

10 

10 

+  2 

19.19 

—13      1.3 

0 

19 

3..53 

+   4  24 

7.6 

8.932 

0.711 

Jan. 

12     8  37  55 

11 

10 

+  0 

29.86 

—  5  48.1 

0 

58 

40.56 

+   9  24 

.58.8 

9.519 

0.686 

13     7  50  22 

11 

11 

+  2 

3.32 

+  5  13.5 

0 

14.01 

+   9  36 

0.2 

9.422 

0.670 

14     7  34  33 

12 

4 

—3 

52.05 

+   4  54.1 

1 

49.98 

+   9  47 

14.5 

9.385 

0.665 

16     7  17  57 

13 

0 

—  2 

55.05 

—  4  12.0 

5 

4.31 

+  10     9 

31.7 

9.348 

0.658 

17     8  16  59 

13 

10 

— 1 

12.97 

+    7  32.3 

6 

46.39 

+  10  21 

16.0 

9..502    0.674  1 

18     7  45   19 

14 

10 

+  2 

10.79 

—  3  48.1 

8 

23.73 

+  10  32 

15.8 

9.438 

0.663 

22     8  28   17 

15 

10 

— 0 

20.37 

—  3  23.3 

15 

6.50 

+  11   17 

33.9 

9.541 

0.675 

24     7  42  42 

16 

11 

+  0 

16.42 

—10  27.2 

18 

26.16 

+  11  39 

39.0 

9.465 

0.655 

Mean  Places  for  1889.0  and  1890.0  of  Comparison- Stars. 


■)(■ 

a 

Red.  to 
app.  place 

s 

Red.  to 
app.  place 

Authority 

6 

0  11 

14.68 

+  2."l4 

+    3°    4' 26.3 

+  14''5 

Weisse's  Bessel  O  153 

7 

0   14 

3.75 

+  2.12 

+   3  22  58.1 

+  14.6 

"      O  201 

8 

0   10 

15.44 

+  2.11 

+   3  38     7.4 

+  14.5 

Yariiall  99 

1 

f| 

0   14 

17.57 

+  2.11 

+   43  37.5 

+  14.5 

AVeisse's  Bessel  0  207 

1 

10 

0   16 

41.96 

+  2.08 

+   4  36  54.5 

+  14.4 

Yaniall  163 

11 

0  58 

11.77 

—1.07 

+   9  30  52.5 

—  5.6 

I?ar-tnicr.  coiup.  with  Yar. 

556  &  620' 

12 

1      5 

43.08 

—1.05 

+   9  42  26.1 

—  5.7 

Yainall  620 

13 

1      8 

0.42 

—1.06 

+  10  13  49.3 

—  5.6 

"       637 

14 

1      6 

14.04 

—1.10 

+  10  36     9.5 

—  5.6 

Weisse's  Bessel  I  50 

15 

1    15 

27.95 

—1.08 

+  11   21     2.7 

—  5.5 

Yainall  680 

16 

1   18 

10.83 

—1.09 

+  11  50  11.6 

—  5.4 

Weisse's  Bessel  I  257 

.Ian.  12.  Star  11  was  observed  by  mistake  for  Yarnall  .'i,")fi,and  its 
place  afterwards  determined  by  comparisons  witli  Yarnall  hoG  and 
fi2(l. 

.Ian.  i:;.     Windy;  telescope  vibratinj;. 

.Ian.  H.     Observations  interrupted  by  clouds. 


.Tan.  24.  Comet  barely  visible  on  account  of  moonlight.  Durins: 
these  observations  (,Ian.  12-18)  the  comet,  though  faint,  was  always 
easily  .seen,  and  the  nucleus  and  a  short  bushy  tail  14'  long,  at  a 
position-angle  of  about  GO",  were  still  visible. 


observatio:n^s  of  comets / and ^issi>. 

MA1>K   .\T   TIIK   IIARVAUI)   COl.I.KCE  OIISKKVATOKY, 

By  O.  C.  WENDELL,  .\ssistaxt. 
[Communicated  by  Professor  Edwakd  C.  Pickkring,  Director.] 


1889  Cambridge  M.T. 


No. 
Comp. 


Ja 


Jh 


P's  apparent 


log  PA 


COMKT  /   (SwIIT). 


Nov.  18 


23 
26 
13 
21 
23 


9  21 

1 

4 

38     J 

•) 

6 

38     1 

3 

6 

38  37 

3 

'• 

2  23 

4 

I 

10  16 

0 

;i 

34  30 

6 

4 

34  12 

7 

5 

+  0  .■)0.50 

—0  59.43 

— 1  8.66 

+  1  11.48 

—0  49.25 

+0  25.50 

—0  57.24 


+  .  7  35.5 

—  0  22.6 

—  4  59.0 
+  12  31.0 

—  6   15.4 

—  9     5.3 

—  2  23.4 


22  44  39.57 

22  53  40. .58 

22  53  40.52 

22  56     0.67 

23  3  20.36 
23  51      7.38 

0   16  5ii.5G 


— 0  52.92       —  0  32.0    '     0  23  49.26      +22     9  40.5       9.372       0.526 


+  12-  N  53.5 
+  13  19  40.3 
+  13  19  38.8 
+  13  37  8.8 
+  14  30  14.2 
+  19  26  43.2 
+  21  38  36.4 


9. 1  72 
9.488 
9.488 
9.494 
9.544 
9.334 
9.432 


0.673 
0.670 
0.670 
0.670 
0.674 
0.564 
0.552 


160 


THE     ASTUON  O.M  1  f  A  I.     JOlKNAI,. 


N"  212. 


1889  Cambridge  M.T. 

* 

No. 
Comp. 

/la        1        j8 

^'s  apparent 

a           1            S 

•ogM 

tor  a             Tor  1) 

Dec.  16       8     3"  22* 

21        7  57  50 
2.-!       8   12  20 

1 
2 
3 

7 
6 
5 

CoMKT    fJ    (HoUKKLI.y). 

+  o"'28."54       —  2  ;{2.1    I    18"ir53!38 
—  1    17.20       —  4     9.5       18   17  41.54 
+  1    21.21        —  2   10.7        18   19   55.14 

+  44  34  20.1 
+  39     8     2.2 
+  36  48  43.2 

9.750      0.784 
9.706      0.806 
9.679    '  0.831 

Mean  Places  for  1889.0 

of  Comparison- Stars. 

Hed.  to 

s 

Ked.  to 

* 

a 

app.  place 

app.  place 

Authority 

Comet  / 

1 

22  43  47.25 

+  1.82 

+  12     0  59.6 

+  18.4 

W,  22"  890 

2 

22  54  38  18 

+  1.83 

+  13  19  44.3 

+  18.6 

Wi  22"  1106 

3 

22  54  47.35 

+  1.83 

+  13  24   19.2 

+  18.6 

Wi  22"  nil 

4 

23     4     7.76 

+ 1 .85 

+  14  36   10.8 

+  18.8 

W,  23"  21 

5 

23  50  39.90 

+  1.98 

+  19  35  28.5 

+  20.0 

W.,  23"  1022 

6 

0  17  54.71 

+  2.09 

+  21  40  39.8 

+  20.0 

Lalaude  448 

7 

0  24  40.06 

+  2.12 

+  22     9  52.4 

+  20.1 

W,  0"  577 

Comet  g 

1 

18  11   25.67 

—0.83 

+  44  36  48.5 

+  3.7 

Wo  18"  296 

2 

18   18  59.24 

—0.50 

+  39   12     8.8 

+  2.9 

W.,  18"  513-14-15  (mean) 

3 

18  18  34.30 

—0.37 

+  36  50  51.7 

+  2.2 

W,  18"  499-500  (mean) 

COMETS  OF  THE   YEAK   1889. 

The  dates  are  in  Greenwich  Mean  Time,  and  the  Elements  only  approximate. 


Designation 

Perihelion 

Q. 

■w 

i                 q 

f 

Discoverer 

Date 

Synonym 

I 

Jan.    31.209 

357  25 

340° 29 

166  22 

1.815 

o       1 

Barnard 

Sept.    2 

e  1888 

II 

June  10.825 

310  42 

236     6 

163  51 

2.256 

Barnard 

Mm:  31 

b  1889 

III 

June   20.782 

270  58 

60     8 

31   13 

1.110 

Barnard 

June  23 

c  1889 

elliptic? 

IV 

July    19.270 

286  11 

345  52 

65  57 

1.040 

84  7 

Davidson 

July    21 

e  1889 

V 

Sept.  30.012 

17  58 

343  28 

6     4 

1.950 

28  5 

Brooks 

JulV      6 

d  1889 

Lexell's  ? 

VI 

Nov.  29.821 

330  25 

70     1 

10  15 

1.354 

43  3 

Swift 

Nov.  17 

n889 

The  letter  a  is  omitted  on  account  of  the  announcement  by  Brooks  of  a  comet,  January  15. 
The  Comet  g  1889,  discovered  by  Borrelly  September  12,  is  probably  1890  I. 


TWO   HUNDRED  EIGHTY-EIGHTH  ASTEROID. 

A  planet  of  the  eleventh  magnitude  was  discovered  February  24,  bv  Lltheu.  at  Hamburg,  in  the  position 
1890  Feb.  24.4650  Gr.  M.T.  a  =  10"  17"'  37^6.  8  =   +14°  53'  20". 

Daily  motion,  — 48*  in  a,  and  6'  northward. 
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A   DETEEMINATION   OF   THE   SOLAR  MOTION, 

i5v  LEWIS  noss. 


The  (letuniiiLiatioii  of  llif  uinouiit  :uiil  direction  of  solar 
motion  [nesented  in  this  coiniuiinicatiou  is  based  upon  the 
list  of  stellar  proper  motions  published  in  No.  200  of  the 
Astronomical  Journal.  There  appears  to  be  a  number  of 
reasons  why  it  is  desirable  to  undertake  this  determination. 
That  the  motion  of  the  sun  throu<>h  space  is  an  important 
factor  in  producing  systematic  apparent  displacements  of 
stars  having  sensible  proper  motions  may  be  regarded  as  a 
well  estal)lished  fact.  But  it  is  also  quite  possible  that  im- 
portant systematic  displacements  of  such  stars  may  also  be 
due  to  causes  which  have  thus  far  escaped  the  search  of 
analysis.  Tiie  prolnible  existence  of  such  influences  is  likely 
to  be  established  tiirough  radical  variation  of  the  circum- 
stances through  wliich  we  arrive  at  successive  determinations 
of  the  apparent  solar  motion.  New  material  and  variations 
of  arrangement  in  its  use  are  the  means  most  likely  to  hasten 
the  discovery  of  any  general  facts  or  laws  the  operation  of 
wliich  may  conspire  to  produce  apparent  secular  motions  of 
a  systematic  character  among  the  stars. 

In  the  way  of  new  material,  the  list  of  proper  motions 
published  in  No.  200  of  the  Astronomical  Journal  offers  an 
advantage.  Of  the  proi)er  motions  in  rpiestion  200  are  there 
pointed  out  for  the  first  time.  Twenty-five  others,  so  far  as 
1  know,  have  never  hitherto  been  employed  in  a  discussion 
of  the  solar  motion.  In  fact,  out  of  the  2.^3  stellar  motions, 
selected  for  the  liual  determination  in  this  paper,  oidy  49  are 
known  to  have  been  previously  employed  in  a  siniilar  re- 
seaich. 

The  stars  of  the  list  in  cpiestion  are  all  contained  in  the 
Albany  zone,  which  is  4°  20'  in  breadth,  and  at  a  mean  decli- 
nation of  ;5°  north  of  the  celestial  equator.  This  arrange- 
ment of  the  material  offers  at  least  two  distinct  advantages. 

Assuming  a  tolerably  uniform  distril)ution   of  the  proper 
niolion  stars   in  right-ascension,  the  determination  of  solar 
motion  from  the  stars  in  this  zone  is  practically  independent 
of  the  errors  iutroduoec 
precession  constants. 


motion.     An    incitleutal  practical    advantage   of   no   slight 

value  is  included   under  this  head,   in   the  greater  relative 

weight  of  material,  and  in  the  facility  of  solution,  as  will 
hereafter  appear. 

The  method  employed  is  substantially  that  proposed  by 
AiKY  (J/e9K.  i?./l.S.,  Vol.  XXVIII).  For  the  present  pur- 
pose the  usual  system  of  rectagnlar  equatorial  coordinates  is 
adopted. 

Then  let 

II,  n',  ,a"  =:  respectively  the  proper  motion  for  100  years 
of  a  given  star  in  the  right-ascension  co- 
ordinate, declination  coordinate,  and  in  the 
arc  of  a  great  circle.  The  corresponding 
means  for  a  large  number  of  stars  will  be 
indicated  by  ri^,  /j„',  ;j„". 
r'  =  the  distance  of  a  given  star  from  the  sun,  ex- 
pressed in  terms  of  r,  the  unit  of  distance, 
which  for  the  present  [lurpose  will  lie  the 
mean  value  of  r'  for  all  the  stars  employed  in 
this  discussion. 
m  =  the  solar-motion  for  100  years,  expressed  in 
terms  of  7*  as  a  unit. 

3/  =  =  the  maximum  angular  value  of  hi  as  viewed 

'  from  the  unit  of  distance,  r. 

A  =  the  right-ascension  of  the  apex  of  solar  motion. 

D  =  the  declination  of  the  apex  of  solar  motion. 

X  =  M  cos  D  cos  A 

y  z=  M  cos  D  sin  A 

z  =.  M  sin  D 


The  following  expressions  are  then  easily  derived  : 
sin  «  I  —  cos  a  y  =.  !•.  cos  8 


(1) 


sin  (V  cos  a  .r  -f-   sin  5  sin  ay  —  cos  8  :  =  /<' 

But  since,  in  the  present  case,  sin  S  can  never  nnicli  exceed 
0.05,  it  is  evident  that  the  sums  of  the  squares  and  pr«.Khicts 
of  the  coellicients  of  x  and  y  in  conditional  eipiatiuns  of  the 
the   employment  of ,  imperfect      second  form  will  lie  practically  vanishing  quantities  in  com- 
parison with   the  sum  of  the  sqiniros  of  cos  A.  the  coelllciont 


Whatever  assumption  is  made  resiaidiiig  the  direction  of  i  of  j  in  the  second  e<|inilion.  In  the  present  case,  examina- 
sohir  motion,  the  stars  in  this  zone  will  be  very  nearly  sym-  tion  will  show  that  the  retention  of  the  cocHicienls  of  x  and 
metrically  arranged  with  reference  to  the  coordinates  of  that  |   y  in  the  second  equation  would  not  have    affecteil    the  dc- 
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Icruiiiiiilion  of  z  l).v  llie  tive-limulivlli  piut  of  its  coiiipuled 
viiliie  —  a  fiiuintity  which  is  entirely  iiisiu:iiilic:iiit  in  ichilion 
to  the  circuinstiiiiees  of  soliitiou. 

It  is  furthermore  evident  liiat  tlie  siinie  reasoning  will  hold 
good,  though  with  less  force,  in  reference  to  the  introduction 
of  coellicients  to  represent  the  correction  required  by  the 
adopted  constants  of  precession.  The  small  number  of  stars 
employed  in  this  discussion,  and  the  small  |ir(jl)ability  in 
favor  of  the  supposition  that  in  the  mean  the  values  of 
the  molits  lieculiaris  approximate  snfliciently  near  to  zero, 
efTeclually  destroy  conlidence  in  any  corrections  to  Stkuve's 
m  and  n  which  might  have  been  derived  from  this  discussion. 
A  nominal  correction  of  m  might  have  been  derived  from 
the  conditional  equations  in  u,  and  another  for  n  from  the 
e(|uati<)ns  in  // ;  but  in  the  solution,  the  value  of  z  would  not 
have  been  materially  influenced  under  any  admissible  hypoth- 
esis as  to  the  value  of  Jn.  It  is  also  self-evident  that  the 
constant  error  of  /«'  cannot  be  determined  ;  and  this  is  per- 
haps the  weak  point  in  the  determination  of  A  and  D  from 
equatorial  stars  alone,  though  an  analogous  weakness  inheres 
in  all  determinations  of  z,  with  any  distribution  of  stars 
whatever,  since  there  is  no  reason  to  suppose  that  the  con- 
stant error  of  adopted  /^o'  would  be  the  same  for  the  different 
zones  into  which  the  celestial  sphere  might  be  divided  for 
purposes  of  solution.  On  the  other  hand  the  constant  error 
of  ft  can  be  determined,  and  the  neglect  of  it  might  materially 
affect  the  concluded  values  of  x  and  y.  We  will  therefore 
introduce  an  unknown,  Jft,  to  represent  this  effect.  The  con- 
ditional equations  will  then  be  of  the  form  : 


(i 


>{ 


I'l   +  sin  ax 


cos  a  1/  :=  ;>.  cos  8 
z  =  — ,'i'  see 


In  the  first  solution,  17  stars  were  excluded.  Numbers 
204,  o471,  5766,  6073  and  8164,  for  which  ,""  is  greater  than 
100",  were  excluded  not  only  on  account  of  their  uneven  dis- 
tribution in  right-ascension  and  the  controlling  influence  they 
would  have  in  certain  cases  upon  individual  values  of  fi„  and 
/'ii',  but  also  because  it  is  theoretically  probable  that  the  in- 
troduction of  these  stars  would  seriously  impair  the  correct- 
ness of  the  assumption  that  r„'  (and  consequently  31)  is 
nearly  the  same  for  the  successive  groups  —  a  condition 
which  is  evidently  of  great  importance,  though  in  the  nature 
of  the  ease  it  can  never  be  more  than  approximately  satis- 
fied. Of  the  remaining  12  stars,  504,  2511,  5786  and  6275 
were  excluded  on  account  of  uncertainty  in  the  determina- 
tion of  !x  and  //;  numbers  287,  1392,  3651,  4279,  4709, 
6898  and  7353,  which  are  probably  physically  connected 
with  brighter  stars  (the  distance  of  6898  from  6893  is  how- 
ever 162")  ;  and  number  8009,  which  was  accidentally  over- 
looked. 

In  order  to  secure  as  nearly  as  practicable  the  condition 
of  probable  approximate  equality  in  the  values  of  J/ for  in- 
dividual equations,  as  well  as  to  facilitate  the  solution,  the 
values  of  /i  and  //  which  were  to  constitute  the  absolute 


terms  of  these  ecpiations  were  brought  together  in  con- 
venient grou|)s,  embracing  in  eacii  not  more  than  one  hour 
of  right-ascension.  In  order  to  investigate  the  possible  de- 
pendence of  M  upon  the  magnitude  of  the  stars,  the  values 
of  //.  and  ft'  were,  in  the  first  instance,  divided  into  two 
series  —  the  fii'st  including  stars  of  the  magnitude  8.0  or 
brighter,  and  the  second  those  of  the  fainter  classes.  There 
were  279  values  of  proper  motion  available  for  use,  of  which 
135  fall  in  the  first  series  and  144  in  the  second.  The 
weights  are  assumed  to  be  identical  with  the  number  of  stars 
in  each  grouj). 

Matkkiai,  rou  Fok.minc  the  KyuAXios.'*. 

First  Series. 

Mean  Magnitude  =     6«.G        Mean  value  of /j"  =  21''.9 

a  Wt.  //„COS(!  //„'  11^' 


13.5 

7 

-t-   8.4 

—10.3 

30.6 

27.4 

1 

-1-15.7 

-1-    2.2 

29.4 

42.7 

4 

+    2.9 

—  8.7 

20.8 

61.9 

4 

-1-    4.5 

—  H.3 

14.1 

78.0 

4  ■ 

-f-    ,s.5 

—  11.6 

20.4 

88.5 

2 

—   9.3 

—11.4 

15.2 

105.7 

4 

—  9.2 

—  1.7 

16.8 

117.5 

6 

—  5.4 

—  1.8 

13.6 

130.5 

4 

4-   8.6 

—15.1 

20.4 

147.4 

8 

-11.0 

—  6.7 

20.7 

157.2 

6 

—  14.1 

—  11.4 

19.6 

169.2 

9 

—21.3 

—  6.0 

26.8 

180.9 

5 

+   5.4 

—11.6 

30.1 

197.8 

7 

—13.9 

—  G.2 

22.9 

214.1 

4 

—  9.6 

—14.9 

26.7 

230.2 

10 

+  n.i 

—13.2 

19.7 

251.1 

7 

—  9.6 

—  5.2 

20.2 

267.4 

4 

—  5.2 

—  11.4 

22.1 

275.0 

5 

+   3.1 

—11.7 

18.3 

296.2 

4 

+   2.0 

—  0.9 

14.2 

316.1 

7 

—12.6 

—  14.0 

22.3 

334.3 

20 

-1-   3.3 

—  4.8 

21.5 

347.9 

10 

+  12.8 

—  9.8 

25.4 

Second  Series. 
Mean  magnitude  =     8»'.(;         Mean  value  of //"  =  20".9 
a  Wt.         ft,  COS (i  ft,'  ft," 


9.7 

6 

+   0.8 

—13.7 

27.3 

20.2 

6 

—  5.2 

—  5.3 

17.2 

38.8 

7 

+  15.1 

—  8.1 

20.4 

64.5 

5 

+   6.0 

—  3.2 

21.8 

74.2 

4 

+   5.0 

—  8.8 

14.5 

90.3 

5 

—  1.8 

—  8.6 

15.4 

107.5 

3 

+   3.0 

—10.7 

13.7 

124.8 

5 

—  6.2 

—10.0 

15.9 

139.1 

7 

—  4.4 

—  8.7 

16.1 

148.1 

4 

—10.9 

—  10.4 

22.1 

168.4 

4 

0.0 

—  9.5 

14.8 

175.1 

8 

—  13.0 

—10.9 

22.1 

188.0 

7 

—   7.4 

—19.1 

25.0 

200.8 

7 

—14.2 

—  3.2 

21.1 

216.0 

5 

— 22.7 

+   2.2 

23.7 

227.7 

5 

—15.9 

—  6.8 

23.3 
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Wt.         /^co-sd 


247.4 

11 

—  6.6 

—17.3 

22.0 

258.8 

4 

—  8.7 

—  18.5 

21.7 

267.7 

4 

+   4.7 

—  6.0 

15.0 

282.0 

3 

+    1.0 

—15.3 

15.7 

296.1 

5 

—  1.0 

—  17.8 

19.2 

310.2 

•T) 

+  17.4 

—  0.8 

34.9 

324.7 

8 

0.0 

—  13.4 

22.4 

341.8 

7 

+    4.1 

.  —10.8 

16.2 

352.0 

It 

+  11.2 

—  3.9 

26.4 

Equations  after  formulas  (2)  were  coustrueted  for  each 
of  these  groups,  and  combined  in  tiie  usual  manner  into  the 
following  normal  equations  : 


From  the  First  Series. 
+  135.00  .y/x     —     6.45.1;     +    10.92t/  =  — 

—  6.45./,a     +   58.22.1-     +     5.41?/=:=  + 
+   10.92  .|'i     +     5.41a;     +    76.77  2/  =  — 

(From  //„')      +135.00  2  =  +1 

From  the  Second  Series. 

+  144.00  .J.'ji     —11.48.');     +      2.03?/  =  — 

—  11.48  4a     +    62.91a;     —     0.24y  =    + 
+     2.03.///     —     0.24  .r     +   81.09)/  =  — 

+  144:002  =   +1 


331.9 

58.8 

695.2 

137.5 


297.3 
187.1 
760.2 
401.1 


From  the  First  and  Second  Series  Combined. 

+  279.00. //z     —  17.93a;     +   12.94?/  =  —  629.2 

—  17.93  J/.e     +121. 13x     +     5.17?/  =   +   245.9 

+    12.94.7//.     +      5.17a;     + 157.86  y  =  —1455.5 

+  279.002  =  +2538.6 

The  solution  of  these  uormal  equations  leads  to  the  follow- 
ing values  of  the  unknown  (juantities.  The  probable  errors 
refer  to  the  quantities  derived  from  the  solution  of  both 
series  taken  together. 


J."i 

•'• 

y 

z 

First  series, 

—1.66 

+  1.64 

—8.94 

+  8.42 

Second  series. 

—1.72 

+  2.62 

—9.32 

+  9.73 

Both  series, 

—1.69 

+  2.17 

—9.15 

+  9.10 

Probable  errors, 

±0.69 

±1.05 

±0.91 

±0.48 

The  v.ilue  of./// might  be  interpreted  as  indicating  that 
tile  adopted  value  of  Stkuvk's  precessiou-term,  m,  re- 
quires a  correction  of  — 0".0169  on  the  basis  of  this  discus- 
sion, were  it  not  decidedly  at  variance  with  that  which  may 
be  derived  from  a  di.scussion  on  precisely  similar  principles 
of  more  than  4O0O  faint  stars  liaving  no  appreciable  proper 
motion  (and  therefore  well  suited  to  the  determination  of 
w),  as  already  presented  in  l\ie  Astronomical  Journal,  No. 
196  (p.  27).  The  weighted  .l/t  from  that  discussion  would 
have  been  about  — 0".45.  Moreover,  1  do  not  feel  especially 
conlidcnt  that  I  have,  as  yet,  sulliciently  succeeded  in  de- 
termining the  constant  errors  (from  Nkwcomh's  sj-stein  as  a 
basis)  in  right-ascension  to  which  the  zones  of  Uesski.  and 


Lalande  are  liable  in  the  region  of  the  Albany  zone*.     In 
fact,  this  cannot  be  satisfactorily  accomplished  at  present. 

The  values  of  M,  A,  and  D,  resulting  from  the  values  of 
the  quantities  already  cited  are  : 


F"irst  series, 

Mag. 
6.6 

2K9 

.1/ 

12'!39 

.1 

280°4 

D 

42!* 

Second  series, 

8.6 

20.9 

13.73 

285.7 

45.1 

Both  series, 

7.6 

21.4 

13.09 

283.3 

44.1 

Probable  errors, 


±  1 .00 


±6.9       ±3.2 


The  most  striking  thing  in  these  results  is  the  near  equal- 
ity of  the  values  of  M  from  the  first  and  second  series 
respectively.  If  the  criterion  of  distance  is  considered  as 
dependent  upon  magnitude  in  any  marked  degree,  we  should 
have  expected  that  M  from  the  second  series  would  have 
turned  out  decidedly  smaller  than  from  the  first.  In  fact, 
considering  magnitude  alone,  the  two  numbers  might  have 
been,  18". 2,  for  the  first,  and  8".0  for  the  second.  The 
probable  errors  of  the  two  observed  quantities  are  about 
±1".5.  It  appears  probable,  therefore,  that  for  stars  hav- 
ing proper  motion  greater  than  10"  per  century,  the  true 
criterion  for  estimating  their  average  distances  is  very  nearly 
independent  of  the  mi»guitude,  and  that  it  is  almost  wholly 
some  function  of  the  apparent  proper  motion. 

*  Tlie  values  of  n  orismally  computed  by  me,  ami  as  tliey  will  ap- 
pear in  the  fortlicomiiis;  Catalogue  of  the  Alhany  Zone,  are  sub- 
stantially ill  agreement  with  the  system  of  .\uwEns's  Fundamental- 
Caldl'Kj,  l)Ut  not  exacllij  so,  as  will  be  seen  on  reference  to  No.  195 
of  the  Aslronomii'al  Journal.  The  corrcctiou,  adopted  in  .1  ./. , 
Numhers  19('>  and  200,  to  reduce  these  to  the  system  of  Nkwcomb 
(-4jHeric«n  Ephemcris),  is  +0».0005.  The  derivation  of  this  cor- 
rection, by  an  inadvertence,  is  incorrectly  explained  in  Astr.  .four. 
No.  190,  p.  25.     It  v^as actualli/  derived  in  the  following  manner: 

.•VrwEKs's  Bn.\i>i.EV — Bessel's  Br.*dley.  for  Southern  Stars.       , 

(p.  57,  of  AuwKUs's  Catalogue") -H^.04 

Bessei.'s  BiJABi.EV — Newcomb  (see  Newcomb"s  paper)  .   .   .   -f-0.01 
Newco.mb — AuwEKs's  FtindamfHtal-CtHaloff  (epoch  I8SO.0)   .   -)-0.01 

Sum  of  these  quantities  (+0~.0(i)  divided  by  123,  the  approximate 
diflerence  of  epochs  (Albany  Zone— Binni.EY)  =  +O*.0O0,"). 

Very  likely,  .\rWEKS — Bk.ssei.  should  have  been  taken  as  +0-.airi 
instead  of  +0'.O4.  and  this  would  have  made  the  correction  to  my 
preliminary  proper  motions  in  order  to  reduce  them  to  the  adopted 
(Newcomii's)  .system  +0-.0<10G.  The  dillerence  is  not  important, 
in  view  of  other  uncertainties. 

Mr.  F.\mji"ii.*n  (Aftr.  Jnttr.  No.  '2(K>)  calls  attention  to  a  supposed 
error  of  mine,  and  iiUiinatos  that  the  correction  in  question  should 
have  been  +0-.U(ii\S.  I'ndvr  a  similar,  though  only  momentary 
misapprehension,  I  did,  at  llr.st,  compute  this  correction  in  precisely 
the  way  and  with  precisely  the  result  that  Mr.  Kaiujcihk  points 
out  as  correct.  Mr.  F.mqrii ak's  error  seems  to  spring  from  the 
fact  that  he  confuses  the  proper  motions,  for  wliieh  I  desired  to 
llnd  a  .systematic  correction,  with  those  of  .VrwKiis's  Ftimhtuifiilal- 
Caliiloij,  or  of. his  catalogue  of  HitAi>i.EV's  observations.  The  sys- 
tematic correction  necessary  to  reduce  the  proper  motions  of 
.VfWKit.s's  Bi!.M)i.KV  to  those  of  'SKV!Co\tn's  Stamlar<l  and  Xodiaeal 
Stiirg  is  prolmlily  +OMHHVS,  or  +OmKXi;»,  for  stars  between 
+30"  and  —20    of  deelination. 
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Mr.  L.  Struve  finds*  for  llie  value  of  M,  4". 36,  which 
ui)|):ii-ently  corresponds  very  nearly  to  an  average  secular 
proper  motion  of  8".0  and  to  an  average  magnitude  6.0. 
While  it  is  prol)ab!e  from  iiuinerous  considerations  (adduced 
by  Stiuvk  himself,  I.e.)  that  this  value  may  be  somewhat 
too  small  —  as  will  also  hereafter  appear  from  a  special  con- 
sideration —  it  is  not  likely  tiiat  the  true  value  is  much 
greater  than  6".0  for  the  case  in  point,  and  it  cannot  be  so 
great  as  8".0.  This  is  less  tiian  half  tlie  value  of  M  which 
has  just  been  presented  as  cori'esi)onding  to  the  mean  of  279 
stars  of  the  average  magnitude  7.G,  and  of  apparent  proper 
motion  21". 4,  per  century.  Bisciiof  foundf  for  480  stars 
of  the  average  magnitude  7.5,  which  have  a  mean  secular 
proper  motion  of  47". 58,  the  value,  M  =^  33". 67.  On  ac- 
count of  the  large  proper  motions  employed  in  this  discus- 
sion the  relative  influence  of  systematic  errors  of  catalogues, 
as  used,  must  be  very  small.  Considering  these  three  values 
of  J/,  in  connection  with  tlie  corresponding  values  of  /'/', 
one  is  almost  irresistibly  led  to  the  conclusion,  that  for  large 
groups  of  stars,  having  similar  amounts  of  proper  motion  in 
the  respective  groups,  the  criterion  of  distance  would  be 
very  nearly  expressed  by  the  equation  : 


in  which//,"  is  the  value  of  u",  corresponding  to  the  unit  of 
distance,  r.  However  for  reasons  which  are  evident,  it  is 
quite  certain  that  j\!,  for  groups  of  stars  having  equal  values 
of  ,"„",  would  vary  quite  perceptibly  for  large  differences  of 
magnitude. 

It  appears,  therefore,  that  there  is  on  the  whole  greater 
uniformity  in  the  velocity  of  motion  for  individual  stars  than 
there  is  in  the  amount  of  light  emitted  by  tlieni.  These 
variations  of  velocity  are  nndoubtedly  very  great,  and  the 
(component  of  velocity  which  we  ordinarily  consider  must 
vary  in  a  still  more  marked  degree.  We  must,  therefore, 
suppose  that  both  the  size  and  intrinsic  brilliancy  of  the 
stars,  which  we  see,  vary  to  an  enormous  extent,  and  in  a 
degree  sufficient  to  render  the  criterion  of  brightness  of  very 
little  value  at  all  when  considered  apart  from  proper  motion. 
Tlie  further  consideration  of  this  question  must,  however,  be 
reserved  for  another  opportunity. 

Notwithstanding  the  exclusion  of  the  five  stars  having 
proper  motion  greater  than  100"  per  century,  it  appears 
probable  that  the  determination  of  solar  motion  already  pre- 
sented is  still  injuriously  affected  by  the  presence  of  the 
larger  proper  motions.  The  calculation  was,  therefore,  re- 
peated, excluding  all  stars  for  which  (i"  amounts  to  40"  or 
more.  This  removed  13  stars  from  each  of  the  two  series, 
leaving  253  individual  values  of  //'  (10"  to  39")  to  be  con- 

*  Bestimmung  der  Constante  der  Precession,  etc.  (Mem.  de  I'A.  St.  P. 
Tome  XXXV,  No.  3)  von  Ludwig  Struve. 

t  Untersuchitngen  iiber  die  Eigenbeweguny  dcs  Sonneyisystems,  etc. 
von  JOHANN  BiSCHOF.     Boiiu,  1884. 


sidered.     These  were  grouped  in  order  of  right-aBcension, 

and  in  a  single  series,  as  follows  : 

RIatickiai.s  vok  Dki-initivk  Equations. 
No.        \Vt.  11  Majc.         ftiCOSii  //,,'  /i^' 


1 

11 

12.9 

7.7 

—  8.0 

—  10.1 

17.3 

2 

H 

21.6 

7.8 

-t-    3.6 

.  —  6.1 

17.9 

3 

9 

11.8 

7.3 

+   9.1 

—  9.9 

19.3 

4 

13 

65.8 

7.7 

-f-    4.9 

—  6.7 

18.5 

5 

8 

82.2 

8.0 

-1-    1.5 

—  8.6 

15.4 

i> 

5 

91.,S 

7.8 

—  2.8 

—  6.4 

18.6 

7 

11 

113.2 

7.2 

—  4.1 

—  5.1 

13.5 

8 

12 

129.6 

7.9 

—  3.0 

—  11.5 

17.8 

9 

14 

11 5. S 

7..S 

—  9.1 

—  5.0 

16.1 

10 

10 

161.2 

7.6 

—  9.9 

—  9.9 

19.4 

11 

16 

174.1 

8.0 

—  10.8 

—  8.6 

16.5 

12 

13 

190.3 

8.1 

—  8.2 

—  9.1 

16.5 

13 

U 

205.5 

8.0 

—  13.8 

—  3.2 

19.3 

14 

16 

227.7 

7.1 

—  8.5 

—  5.1 

15.8 

15 

17 

248.9 

7.7 

—  7.9 

—  12.9 

19.2 

16 

12 

264.9 

7.7 

—  3.3 

—  8.2 

20.0 

17 

9 

284.7 

7.4 

+    1.5 

—13.0 

16.9 

18 

10 

298.6 

8.2 

+    2.2 

—  5.7 

18.8 

19 

12 

317.6 

7.9 

—  5.6 

—  14.1 

18.9 

20 

IS 

334.2 

7.5 

+    2.7 

—  7.4 

21.6 

21 

18 

348.6 

7.5 

+    2.2 

—  6.9 

16.7 

Tlie  formation  and  treatment  of  conditional  equations  from 
the  foregoing  material  led  to  the  following  normal  equations  : 


+  9.15.V  =  —  907.8 
-I-  7.-29y  —  +  246.3 
+  i37.7-2y  =  —  874.4 
-1-253.00  2:  =   -1-2093.9 


Jfi  =  —  3.24 

±0.57 

X  =   +    2.11 

±0.84 

I'd" 

1/  =  -  6.25 

±0.77 

Mean  Mag. 

z  =  +  8.28 

±0.45 

31  =       10.58 

±0.60 

A  =      288°.  7 

±7°.  2 

D  —  +  51°. 5 

±3°. 2 

-1-253.00  z/.v.     —  15.06  a; 

—  15.06.J,'<     -I- 115.33  a; 

+      9.15.//-      +      7.29.r 

(From  /',/) 

The  solution  of  these  equations  resulted  in  the  following 
values  of  the  unknowns,  together  with  those  of  the  quanti- 
ties depending  on  them,  and  with  the  apiiended  probable 
errors. 


17''.80 


The  probable  errrors  are  here  inarkedly  smaller  than  in 
the  first  solution,  wiiich  contains  26  additional  motions. 
Those  for  x  and  y  and  the  quantities  immediately  dependent 
upon  them  arise  chiefly  from  the  abnormal  residuals  in  the 
first  and  tvirelfth  equations  f or /<o !  and  the  increased  value 
of  D  is  almost  wholly  due  to  these  two  values  of  /loCOsS. 
Yet  it  would  not  be  proper  to  reject  them,  nor,  in  my  opinion, 
to  give  them  lessened  weight.  The  presence  of  such  abnor- 
mal values  is  to  be  expected  from  the  nature  of  the  case, 
whenever  the  means  depend  upon  a  comparatively  small 
number  of  individual  values.  Furthermore,  the  individual 
values  of  /j.  are,  in  general,  quite  imperfectly  determined  ; 
since  the  majority  of  them  virtually  depend  on  the  right- 
ascensions  from  Lalande's  and  Bessel's  zones. 
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For  the  sake  of  coraparisoa  the  values  of  the  several  ele- 
lueuts  of  solar  motion  as  determined  by  Strcve  and  Bischof 
are  here  quoted  in  connection  with  tiie  two  sets  of  values 
derived  in  tliis  paper  : 


Mean  JIag. 

< 

M 

.1 

D 

Struve 

6.0 

8.00 

4.36 

273.3 

+  27.3 

BisonoK 

[7.5] 

285.7 

+  48.5 

47.58 

33.67 

290.8 

+  43.5 

Boss 

7.7 

17.80 

10.58 

288.7 

+  51.5 

7.6 

•21.4 

13.09 

283.3 

+  44.1 

The  values  of  A  and  D  obtaiued  by  Bisciiok  are  not  more 
discordant  from  those  obtained  by  rac  than  is  readily  expli- 
cable from  the  probable  errors.  Que  might  assume  as  the 
most  probable  values  of  A  and  D  for  telescopic  stars  having 
decided  proper-motion  : 

A  =  287°;     D  =  +47° 

But  these  values  are  appai'ently  irreconcilable  with  those 
obtaiued  by  Sthuve  and  others  for  the  brighter  stars.  L. 
Stklve's  discussion  is  the  most  receut  and  by  far  the  most 
extensive  and  elaborate  of  those  which  have  been  under- 
taken upon  the  Bradley  stars.  The  older  determinations 
of  A  cluster  very  persistently  about  the  value  260°  and  of  D, 
vary  from  +14°  to  +40°,  with  a  mean  value  of  about  +30°. 
But  one  ought  not  hastily  to  assume  that  there  is  certainly 
a  real  difference  between  the  apparent  direction  of  solar  mo- 
tion as  it  should  be  determined  for  the  telescopic  stars,  with 
comparatively  large  proper  motions,  and  that  which  pertaius 
to  the  brighter  stars  with  comparatively  small  mean  motions. 

If  we  assume,  as  I  have  done  in  the  present  paper,  the 
present  declinations  of  the  American  Ephemeris  as  the 
standard  of  reference,  then  the  values  of  /*'  (secular)  em- 
ployed by  L.  Struve  would  require  a  correction  of  about 
—  l".Ot  between  the  limits  of  declination  from  +30°  to 
— 20°.  The  greater  number  of  stars  employed  by  Strive 
fall  within  these  limits,  and  it  is  fair  to  suppose  that  the 


•  HiscHOK  derives  the  values  of  A  ami  D,  first  quoted,  throu^li  the 
employment  of  .Akgel.vnder's  method,  and  jcives  them  the  prefer- 
ence. 

t  This  is  smaller  than  the  correction  required  by  .Auweus's 
Fiiiidameulal-Catiiloii  between  tlie  same  limits.  (See  Proc.  A.A. 
A.S.,  Saratoga  Meeting,  1S79.) 


values  of  the  constants  of  solar  motion  derived  from  these 
alone  would  have  been  very  nearly  the  same  as  those  which 
Struve  has  obtained  from  all  the  stars  used  by  him.  With 
these  premises,  it  is  easy  to  determine,  roughly,  what  would 
have  been  Struve's  values  of  Jfand  D,  h.-id  he  reduced  his 
values  of  n'  to  the  system  of  the  AmeriiMyi  Ephemeris.  The 
value  of  2,  as  Struve  determines  it,  is  +2". 0024.  The  new  z 
would  be  very  nearly  +3''. 00.  This  combined  with  his  adopt- 
ed values  of  x  and  y,  +0".227  and  — 3". 871  respectively 
leads  to  the  following  values  of  the  elements  of  solar  motion  : 

^f  =  4". 9  ;     A  =  273°. 3  (as  before)  ;     D  =  +37\7 

Thus  about  one-half  of  the  discrepancy  between  the  two 
sets  of  values  for  D  is,  on  this  hypothesis,  accounted  for. 
The  remaining  differences  in  the  respective  values  of  A  and 
D  are  probably  not  much  greater  than  the  uncertainties  in 
the  data,  together  with  the  proljable  errore  of  determination, 
might  serve  to  explain  ;  and  we  might  assume  as  the  most 
probable  coordinates  of  solar  motion  : 

A  =  280°;     D  =  +40°. 

1  may  be  permitted,  however,  to  rentavk  in  this  connection, 
that  I  should  not  be  at  all  inclined  to  insist  that  the  /»' 
(secular)  for  equatorial  stars  of  the  Bradley — Pulkowa  sys- 
tem, requires  so  large  a  systematic  correction  as  — 1''.0; 
nor,  in  fact  to  insist  upon  any  special  value  of  systematic 
correction  whatever  in  the  premises.  There  is  no  absolute 
standard  of  S  and  /i',  nor  of  a  and  /i,  which  enables  us,  as 
yet,  to  lay  any  great  stress  upon  the  correctness  of  any  par- 
ticular assrtmptlon  regarding  systematic  error ;  and  this,  for 
obvious  reasons,  is  especially  the  case  when  we  are  dealing 
with  supposed  systematic  error  in  n  or  /i'. 

Therefore,  I  should  still  be  inclined  to  entertjiin  a  sus- 
picion, that  the  results  for  the  values  of  A  and  D,  which  de- 
pend upon  telescopic  (or  other)  stars  havin^r  huge  proi)er 
uiotions,  may  possibly  indicate  a  real  difference  from  those 
derived  from  stars  having,  in  the  mean,  small  proper 
motions.  This  might  be  supposed  to  point  to  the  operation 
of  some  general  law  or  laws  which  sensibly  affect  the  ap- 
parent motions  of  the  stars,  presumably  in  such  a  way  that 
the  systematic  displacements  for  the  slars  nearest  the  sun 
are  greater  than  for  those  which  are  more  distant. 
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1890  Washington  M.T. 

* 

No. 
Conip. 

-* 

j8 

a 

pparcnt 

'      8 

log 
9.246 

PA 
ror  ,1 

0  649 

Jan.    9 

7     5  23.6 

1 

20,5 

— r   8!84 

—3     4.1 

0  58  48.41 

+  a  50  29.3 

10 

7  22     4.4 

2 

20  ,  5 

—0  38.36 

+  1    14.9 

0  55  24.40 

+   9      1   ,55.9 

9.325 

0  650 

21 

6  49     5.9 

3 

16  ,  4 

—3  32.46 

+  0  43.1 

1    13   19.24 

+  11     5  35.5 

9.29,s 

0.623 

22 

6  33  22.4 

4 

20  ,  5 

-^0  28.10 

—4    14.3 

1    14   58.93 

+  11    16  42.8 

9.240 

0.6I8 

24 

6  49  32.2 

5 

16  ,  5 

—2  58.25 

—  1   40.4 

1    18  22.47 

+  11   39  47.1 

9..327 

0.618 

Feb.  10 

7   15  27.5 

6 

16  ,  5 

+  2  36.67 

—1    19.7 

1   48     6.85 

+  14  45  24.8 

9..507 

0.606 

14 

7     2     5.2 

7 

16  ,  6 

+  1   32.01 

+  2   16.2 

1   55   19.76 

+  15  27  37.1 

9.499 

0.594 

15 

7   18  33.0 

8 

20  ,  6 

+  1  32.05 

—4  53.6 

1   57     9.36 

+  15  38   11.9 

9.-536 

0.604 
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Mean  Places  for  1890.0 

of  Comparison- Stars. 

■)f 

a 

Ucd   to 
app.  place 

8 

Ked.  to 
app.  place 

Authority 

1 

0  54  57.77 

— r.02 

+  8  53  38.9 

— 5.5 

J(3  Stiuve  +  2  Schjellerup) 

2 

0  56     3.80 

—1.04 

+   90  46.6 

—5.6 

Weisse's  Bessel  O,  946 

3 

1   IG  52.75 

—  1.05 

+  11     4  57.8 

-5.4 

"       1,  232 

4 

1   15  28.10 

—1.07 

+  11  21     2.5 

-5.4 

|(4Fii8bv-Yaiiiall  +  W.i;.  I, 

208) 

0 

1  21   21.80 

-1.08 

+  11  41  32.9 

—5.4 

Hiiinker  N.F.  063 

G 

.1   +5  31.39 

—1.21 

+  14  46  49.8 

—5.3 

Uoiin  Ol'servatious 

7 

1  53  48.96 

—  l.-il 

+  15  25  26.1 

—5.2 

Weisse's  Bessel  I,  918 

8 

1  65  38.52 

—  1.21 

+  15  43  10.6 

—5.1 

Bonn  Observiitions 

Notes. — Star  1  is  a  double  star,  and  reductions  to  principal  star  of  +0-.n.'),  and  — 0" 
The  eomet  was  faint  in  the  last  three  observations. 


have  been  applied  to  the  meridian  observations. 


NOTE   ON   TRANSIT-OBSEKVATIONS   OF   THE   SUN, 


By  S.  HIR 
It  may  be  noticed  when  observing  tlie  sun  on  a  clear  day, 
that  the  threads  of  the  transit-instrument  used  in  the  obser- 
vation are  not  distinctly  seen,  till  the  sun  comes  in  contact 
with  them.  But  if  the  wire  is  on  the  image  of  the  sun,  it  is 
seen  clearly.  There  is  consequently  a  tendency  to  get  too 
large  a  right-ascension  of  the  sun.  On  a  cloudy  day,  again, 
the  wires  of  the  micrometer  can  be  seen  distinctly,  even  in 
the  case  of  fiist  contact.  This  tendency  to  error  in  right- 
ascension  observations  of  the  sun  on  clear  days  may  be 
avoided  by  artificial  clouds,  and  for  this  purpose  the  use  of 
Obsermtory,  Tokyo,  1890  i^eft.  1. 


.\Y.\MA. 

muslin  has  l)een  already  suggested.  But  with  muslin  we  get 
diffraction  phenomena  which  of  course  have  a  disturbing 
effect.  Recently  I  have  tried,  with  good  results,  the  very 
thin  gauzy  paper,  called  Yoshino-Gami.  Covering  the  objec- 
tive of  the  telescope  with  this  paper  has  an  effect  almost 
identical  with  the  effects  of  thin  clouds.  This  mode  of  pro- 
ducing artificial  clouds  is  only  useful  in  the  measurement  of 
the  solar  diameter,  for  of  course  the  details  of  the  sun's 
image  are  quite  obliterated. 


ON    SOME   OBSERVED 

By  P.\UL  S 
A  watch  upon  this  star,  for  the  purpose  of  recovering  its 
minimum  epoch,  was  begun  1889  May  31,  and  continued 
tiirougbout  the  summer.  It  was  without  success,  however, 
until  the  evening  of  September  24,  when  the  star  was  found 
below  its  normal  light,  and  a  minimum  was  observed  ;  the 
■writer  being,  at  the  time,  unaware  of  Mr.  Chandler's  pre- 
viously observed  minimum  of  August  25. 

F'rom  this  date  (September  24),  every  available  miuimum 
of  the  star  was  observed  uutil  December  23  ;  eleven  minima 
being  obtained,  with  several  imperfectly  observed  ones.  The 
observed  times  are  as  follows  : 


MINIMA   OF    Y  CYGJSU, 


YENDELL. 

From  the  use  of  a  mean  light-curve,  to  be  referred  to  be- 
low, the  following  additional  minima  are  inferred  : 


889  Seiit 

.  27 

11   27.1 

3  observations 

Dec. 

•> 

7  43.8 

3 

11 

7  43.5 

3            " 

Camb.  M.T. 

1889  Sept.  24   10  29".2 

Oct.      3  10  53.4 

15   10  43.7 
9  52.0 


No.  obs 

8 

11 


18 

24 

Nov.    5 


14 

17 
29 
17 
23 


Dec. 


9  32.0 

8  42.0 

8  56.0 

8  21.5 

8  0.0 

6  50.0 

6  10.0 


(  Even'g  somewhat  cloudy  ; 

I      moonlight. 
20     Moon  rose  at  9''  45™ 
19 
r-  (  Sk_v  streaked  with   pass- 

I      iug  clouds. 
15     Clear,  moon  bright. 
,  ,  \  Some  of  the  observations 

i      rather  uncertain. 
13 
16 

10     Hazv  skv  ;  some  clouds. 
13 


Upon  com[iariug  the  times  of  observed  minima  in  the  first 
of  the  above  lists  with  the  provisional  elements  given  by  Mr. 
Chandler  on  page  93  of  this  volume,  the  period  during  the 
time  covered  by  the  observations  appears  to  have  been,  in 
the  mean,  about  r".5  shorter  than  the  one  there  given  ;  and, 
upon  comparing  the  mean  periods  indicated  by  the  several 
intervals  lietweeu  the  successive  observed  minima,  a  pro- 
gressive shortening  of  the  period  appears  to  be  indicated. 

The  comparison-stars  used  are  those  given  by  Mr.  Chand- 
ler in  Vol.  VII,  page  47,  of  this  Journal,  with  the  exception 
of  the  star  designated  b,  which  appears  to  be  DM.  34°4193. 
and  was  added  for  the  reason,  that,  to  my  eye  and  telescope, 
the  star  at  its  minimum  falls  well  below  the  comparison-star 
p ;  the  light-scale,  formed  from  all  my  observations,  1G7  in 
number,  is  as  follows. 

The  magnitudes  given  are  careful  estimates  from  the  light- 
scale,  the  normal  ligiit  of  y  being  estimated  from  a  number 
of  observations  made  for  this  especial  purpose. 
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Mag. 

L 

A; 

7.0 

16.8 

I 

7.3 

13.4 

e 

7.4 

11.8 

n 

7.8 

7.8 

P 

7.i) 

G.5 

h 

8.0 

0.0 

T 

normal 

7.35 

12.8 

" 

minimum 

8.23 

2.G 

Allliougli  tlic  observations  wiu'c  iiiailo  witli  tlic  sole  view 
of  determining  the  epoch  of  tiie  star's  mininiiini  pliase,  and, 
for  that  cause,  were  never  carried  tliroiighoiit  the  entire 
duration  of  its  light-changes,  tiie  variations  prove  to  be  of 
so  interesting  a  character  that  it  is  tiiought  that  the  partial 
mean  light-curve  deduced  from  the  observations,  146  in  num- 
ber, from  which  the  eleven  minima  first  above  given  were 
obtained,  may  be  of  sutticient  interest  to  be  here  appended  ; 
as  will  be  seen,  so  much  of  the  curve  as  is  here  given,  closely 
resembles  that  of  U  Ophhicld.     The  readings  are  as  follows  : 

Dorchester,  Mass.,  1890  Feb.  9. 


Before  min. 

h    m 

—2  30 

Light 
9.93 

20 

9.48 

10 

8.92 

2  0 

8. 30 

1  50 

7.7.") 

40 

7.10 

30 

6.43 

20 

5.77 

10 

5.12 

1  0 

4.52 

0  55 

4.27 

50 

4.03 

45 

3.80 

40 

3.57 

35 

3.38 

30 

3.20 

25 

3.05 

20 

2.92 

15 

2.80 

10 

2.70 

—0  5 

2.63 

0  0 

2.60 

fter 
0 

min 

'  o'" 

-fO 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

0 

.05 

1 

0 

10 

20 

30 

40 

1 

50 

2 

0 

10 

+  2 

20 

2.60 
2.65 
2.77 
2.90 
3.15 
3.44 
3.70 
4.00 
4.15 
4.22 
1.27 
4.32 
4.38 
4.75 
5.20 
5.66 
6.08 
6.40 
6.72 
7.00 
7.20 


SOME  observatio:n^s  of 

Bv  EDWIN 
1.  T  Monocerolis. 
Tliis  star  was  oliserved  from  1888  October  9  to  1889  April 
28  ;  the  observations  numbering  49.  From  tiiese  the  follow- 
ing epochs  of  maxima  and  minima  have  been  deduced,  in 
Cambridge  M.T.,  using  the  mean  light-curve  formed  from 
the  1881-83  observations. 


OllSKIiVKI)    MlNTMA. 


1888  Oct. 

9  23  30 

Nov 

7  22  15 

Dec. 

4  19  25 

Dec. 

29  17  5 

1889  .hui. 

26  20  13 

Feb. 

22  17  37 

IMar. 

23  11  24 

Obskuvkd  Maxim.\. 

1889  Jan.  9  23  o" 

Feb.  5  0  34 
Mar.  3  7  42 

Apr.  1  4  49 

Apr.  28  8  15 


Apr.  18  13  48 

2.      U  Monocerolis. 

A  very  fair  series  of  observations  of  this  star  was  secured, 
extending  from  1888  December  4  to  1889  April  28,  and  num- 
bering 1 1 . 

The  singular  behavior  of  the  star  as  observed  by  Mr. 
Ykndei.i.  {A.J.  No.  197,  p.  40),  is  confirmed  by  my  obser- 
vations ;  although  the  times  of  maxima  and  minima,  as  An- 
terinined  from  my  observations,  are  nut  uhully  in  accord  with 
Mr.  Ykndki.i.'s  deduced  results.  Tlie  odd  bejiuvior  noted 
is  not  confined  to  this  year's  observations  alone,  but  has 
been  mentioned  in  previous  years'  results,  and  demonstrated 
eonclusively  the  erratic  nature  of  the  light-changes,  and  con- 
signs it  to  the  II  Scuti  type,  which  star  in  behavior  it  closely 


VAEIABLE   STAES   IN   1889, 

F.   S.AWYEK. 

resembles.  When  first  observed  on  December  4,  ['was  very 
faint,  and  evidently  near  minimum.  The  rise  from  this  date 
was  rapid,  and  a  bright  maximum  was  passed  on  Decemlier 
25.5.  The  star  as  rapidly  declined,  and  a  bright  mininnim 
was  reached  on  January  10.5.  Another  rapid  rise,  and  a 
second  bright  maximum  was  reached  on  January  23.0,  and 
after  an  apparent  slight  fall  another  maximum  was  passed 
on  February  4. 

Disregarding  this  dellection.  which  Mr.  Yknueli.'s  obser- 
vations fail  to  show,  the  seconil  maximum  was  passed  Janu- 
ary 29.0.  From  February  4  f  rapidly  declined,  and  a  faint 
minimum  was  reached  March  4.0.  Another  rapid  rise,  and 
a  third  bright  maxinuim  was  passeil  on  March  23.0.  A  third 
and  bright  miniinuin  was  passed  about  April  17,  and  the  star 
was  again  near  maxinuim  when  the  observations  terminated 
on  .\pril  26. 

Maxi.ma  Licmt  Minima  Lujut 

1888  Dec.  25.5         27..!  1880  Jan.  10.5  19.8 

1889  Jan.    29.0         24.8  Mar.    4.0  4.2 
Mar.  23.0         26.5                           Apr.  17             18.3 

The  interval  between  the  first  and  second  maxima  was 
34.5  days,  and  between  the  second  and  third  maxima,  53 
days.  Hetweon  the  first  and  second  minima  the  interval  is 
52.5  days,  and  between  the  second  and  third  ininima,  44  day:'. 

3.      It  Sculi. 
The  observations  on  this  star  number  45,  and  extend  from 
June  23  to  Deoemlier  12.      li   was  near   n   faint    minimum 
when  first  seen  on  June  23.     The  increiisc  of  linht  from  that 
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time  was  at  first  rapid  and  tiieii  very  slow,  with  frequent 
halts.  A  niaxiiiiuin  was  at  last  reached  on  August  11, 
Liglit  :=  21..S.  It  decreased  slowly  and  irregularly,  and  a 
briglil  niiniinuin  was  passed  aliout  .Septeml)er  5.  A  slow  and 
slight  increase  occurred  and  a  second  and  faint  inaxiuniin  was 
l)assed  about  October  7.  A  second  and  rather  faint  niini- 
niuin  was  reached  Novend)er  22.  R  was  nearing  another 
niaxiinuni  when  the  observations  ceased.  Tlie  interval  be- 
tween the  maxima  and  the  minima  was  the  same,  or  78  days. 
Mr.  Ykndeli.'s  results,  recently  published,  exhibit  a  singu- 
lar and  unaccountable  discordance  with  the  above. 

4.     It  Coronae  Borealis. 

'I'liii  ly-sevcn  observations  of  this  star  were  obtained,  ex- 
tending from  January  4  to  October  10.  When  first  seen  on 
January  4,  R  was  4  steps  >  DM.  30°. 2682,  and  4  steps 
<  DM.  ;>2°.2621 ,  or  6".3.  The  light  remained  nearly  con- 
stant until  about  June  22,  when  it  suddenly  brightened  4  or 
5  steps,  or  5". 9,  and  after  remaining  so  nearly  a  month 
faded  to  its  former  brightness  and  continued  nearly  constant 
until  the  observations  ended. 

Briijhton,  Mans.,  1890  March  12. 


5.     S.  Coronae  BoreuUs. 

The  results  given  below  include  tlie  observations  of  1888 
(unpublished)  as  well  as  that  of  1889.  In  1888  the  star  was 
observed  from  March  6  to  July  10,  25  observations.  When 
first  seen,  on  March  6,  5  was  5  steps  <DM.  32°.2/)7.1,  or 
about  8". 6.  The  increase  was  regular  and  very  rapid.  A 
maximum  was  passed  on  April  16.  Maximum  brightness 
3  steps  >  DM.  31°. 2724,  and  3  or  4  steps  <  DM.  33°. 2574. 
or  7".l.  The  decrease  appeared  slow  and  somewhat  irregu- 
lar. When  last  seen,  on  July  10,  S  was  ^DM.  32°. 2577. 
or8".l.  The  observations  in  1889  number  10,  and  extend 
from  March  22  to  May  28.  jS  was  rapidly  approaching  a 
maximum  when  first  observed  on  March  22,  being  5-f-  steps 
>DM.  32°. 2578,  and  4  steps  <  DM.  31°. 2719,  or  7". 3.  A 
maximum  was  passed  on  April  9.  Maximum  brightness 
3  steps  >DM.  31°.2724,  and  4  steps  <  DM.  33°. 2574,  or 
7".!,  the  same  brightness  as  last  year.  Both  the  increase 
and  decrease  were  uniform  and  rapid.  Observations  were 
discontinued  on  May  28,  /S  then  being  ^  DM.  32°. 2578,  or 
7».8. 


NEW   ASTRONOMICAL   WOEKS. 


Transactions  of  the.   Astronomical    Observatory  of  Yale   University. 

Vol.  I.     Part  II.  ,   .  . 

The  present  Part  of  tliese  Transactions,  extending  from  p.  Ill 
to  p.  148,  contains  a  determination  by  Mr.  Asaph  Hall,  Jr.,  of 
the  orbit  of  Titan,  the  bright  satellite  of  Saturn,  from  obser- 
vations made  with  the  Yale  heliometer  in  the  years  1885-86,  and 
188G-87.  In  the  first  of  these  oppositions  115  observations  were 
made,  and  in  the  second  opposition  C7  observations.  An<rle_s  of 
position  and  distances  were  observed  by  referring  the  satellite  to 
the  ends  of  the  major  axis  of  the  apparent  ellipse  of  the  ring. 
The  rectangular  coordinates  of  the  satellite  with  respect  to  the 
center  of  the  planet  were  then  computed  from  the  observed  quanti- 
ties, these  coordinates  were  compared  with  those  computed  from 
Bessel's  elements,  and  equations  of  condition  were  formed  in  the 
usual  manner.     The  final  elements,  resulting  from  the  solution  of 


the  361  equations  of  condition,  are  reduced  to  the  epoch  1886  May 
10,  Paris  M.T. ;  and  compared  with  the  elements  of  Bessel  and 
Stisuve.  It  appears  that  Bessel"s  motion  of  the  perisaturnium. 
from  which  he  deduced  his  mass  of  the  ring,  needs  a  position- 
correction,  but  in  other  respects  the  agreement  is  very  good.  The 
value  of  the  major  axis  is  17(!".570  ±0".0243,  and  the  reciprocal 
of  the  mass  of  Saturn  is  ;^.500.5  ±  1.44.  This  confirms  the  value 
found  by  Bessel.  The  probable  error  of  Mr.  Hall's  result  is 
greater,  but  he  has  properly  taken  in  account  the  errors  of  the 
scale  divisions  used  In  his  observations.  This  result  for  the  mass 
of  Saturn  indicates  an  error  of  about  a  second  of  arc  in  the  mean 
distance  of  lapetus  found  l)y  Professor  Hall  of  Washington. 

It  Is  right  to  mention  that  this  Interesting  Investigation  was 
carried  out  by  means  of  an  appropriation  from  the  Bache  Fund  of 
the  National  .Vcademv  of  Sciences. 


Wiilfstafelu  zur  Berechnung  der  Parallaxe  fiir  Kometen-  und  Planet- 
enbeobachtunyen  nach  Hansen,  von  Dr.  E.  von  Rebeur-Pasch- 
wrrz,  G.  Braun,  Karlsruhe. 

This  quarto  pamphlet  of  24  pages,  reprinted  from  the  third 
volume  of  the  Grand-ducal  Observatory  at  Karlsruhe,  contains, 
for  169  different  observations,  the  constant  factors  required  in  com- 
puting the  parallax. 


It  gives,  for  each  observatory,  a  column  containing  the  values 
of  Trpcosf'sinJ  and  — ■n-p  cos  ^ '  cos  t  in  seconds  of  arc  for 
each  tenth  minute  of  hour-angle;  also,  at  the  head  of  the  column, 
the  logarithm  of     Trpsinf';     all  being  computed  with  the  value 

TT  =  8".848. 
It  may  be  purchased  of  the  pHl)lisher  for  1.20  marks. 


COEEIGENDA. 

No.  196,  p.  29,  col.  1,  line  16.     For  (a-|-2G7°),     read     (n— 267°). 

No.  200,  p.  58,  col.  1,  Hue  23.     End  the  sentence  at  "  former"  and  begin  a  new  one  with  "  Fundamental,"    with  a  comma  in  the  place  of 

the  first  succeeding  semicolon. 
No.  200,  p.  59,  star  720;  /j',  Dist.  and  Pos.  Aug.     For    -t-0".10,  0".23  and  64=.5,     read     — 0M2,  0".24,  and  119°.7,  respectivelv. 
No.  200,  p.  60,  star  3790;  /i',  Dist.  and  Pos.  Ang.     For  -f-0".13,  0M4  and  21°.0,     read     — 0".15,  O'MG,  and  163°.3,  respectivelV. 
No.  200,  p.  62,  star  6060;  Bist.     For    0".011,     read    0".ll. 
No.  200,  p.  62,  star  6275;  /i',  Dist.,  and  Pos.  Angle.     For    — 0". 12,  0".15  and  216^9,     read     -|-0M0,  0".13,  and  318'.0. 
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ERRORS     IX    LACAILLE'S     COELUM    AUsTRALE 
S  TELL  IF  Eli  UM, 


liv    1!.    A.    (iori.I). 


CataloKue-posit 

on. 

C.A. 

Arg.  Gen.  Catal.  for  Equinox  1750.0 
No.   Mag|           «           1         a 

No.    i 

K.A. 

N.l'.D. 

1 
!9',)9 

I>        in       » 

5  39  21.2 

134  43  23 

pnse 
77 

Assume  minute  of  egress  as  4M  instead  of  42,  and  decrease 
both  moments  by  5».  This  makes  the  ob.<ervation  .i +1  35 
and  5  43  4,     which  gives     '>'■  39™  44\5,     44^  53'  59' 

6828 

'J 

5  39  44.2 

44  54     2 

211 10 

5  40    5.7 

146  53  32 

52 

Keducing  for   the  upper  part,  we   obtain     5''  40'"  7\8, 
57°  1'  .59";      and  putting  ingress     5  41  35     Instead  of 
5  41  40,     gives    5''  40'"  5'.5,     57°  1'  17' 

6801 

73- 

5  40    4.7 

57     1  29 

2(i;Jl 

5  42  13.(; 

134  44  15 

77 

The  time  of  ingress  must  be  decreased  by  15*,  and  that 
of  egress  by  5%  making  5  44  15    and    5  44  ,59,    which 
give    5''  42'"  3».3,     44°  4G'  2" 

6877 

8 

5  42    4.8 

44  46  12 

20.VJ 

5  45  48.7 

143  36  55 

58 

The  minute  of  ogress  should  evidently  be  4S  instead  of 
49.     If  then  the  ingress  l)e  increased,  and  tlie  egress 
diminished  l)e  5-,  we  have    5''  45'"  I9".4,     53°  29'  38'. 
There  is  no  other  star  with  which  this  seems  capable 
of  idenlillciition. 

6924 

8 

5  45  19.7 

53  29  22 

2055 

5  45  27.1 

145    8  22 

58 

There  are  two  stars  of  7i".  distant  1-  in  K.A.  and   1'  43" 
in  Decl.,  with  the  mean  of  whicli  I..\caii  i.k's  position 
agrees  sulHeiently. 

6920 
6922 

5  45  22.7 
5  45  26.7 

55    9  29 
55    7  46 

2070 

5  4  7  29.2 

126  28  42 

100 

Botli  moments  were  evidently  recorded  5'"  too  early. 

7161 

''i 

5  52  28.2 

36  29  17 

2077 

5  4  7  40.3 

11 6  34  18 

52 

Assume  ingress  at    5  44  51     instead  of    u  44  21), 
which  gives    5''  47"'  53».0,     50'^  30'  58' 

6973 

''I 

5  47  54.0 

56  31  23 

207« 

5  17  i.-..f; 

110  34     6 

64 

This  star  is  evidently  G.C.  7009,  yet  unless  the  proper 
motion   be   improbalily  large,  L.vtwii.i.ic's   observation 
can  only  l)e  made  accordant  by  supposing  the  ingress 
recorded  45»  too  early,  and  the  ogress  5»  too  late.  Then 
we  should  have    5''  48'"  (i'.5,     50^  2(;' 42" 

7009 

7 

5  48    5.4 

50  26    8 

2081 

5  48  27.3 

141  12  51 

64 

Assume  ingress  at    5  47  18     instead  of    5  4(5  8, 
which  gives     5"  49'"  3".fi,     51°  2'  9" 

7029 

'h 

5  49    4.4 

51     2  15 

2117 

5  53  42.4 

133    3  50 

84 

.Assume  egress  at     5  57  44     instead  of    5  58  44, 
which  gives     5''  53"'  13'.8,     42'°  53'  0" 

7164 

7 

5  53  13.3 

42  53  19 

2119 

5  54  12.7 

133  44  38 

85 

Assume  egress  at    5  57  45     instead  of    5  58  45, 
which  gives     5''  53'"  41'.3,     43°  55'  40' 

7174 

-'i 

5  53  39.0 

43  55  12 

2125 

5  55     3.1 

170     139 

13 

Assume  Ingress  at    5  53  58     insteaii  of    5  54   13, 
whicli  gives     5"'  54">  5r.".2,     80°  0'   17" 

0873 

SJ 

5  54  58.6 

80    0    6 

2i:u 

5  50  35.8 

114  57  27 

133 

Since  tlio  proper  motion  appears  to  bo  insigniilcant,  we 
may  iissnnie  ingress  at     5  54  35     instead  of     5  54   40. 
which  ^'ives      5''  5(!'"  33-.4,     24°  '>(>'   18'.     The  star  is 
Oe.  /In/.  4(;52. 

7298 

- 1 

'  4 

5  56  31.8 

24  55     6 

2147 

5  58  40.5 

1 5  1  22  24 

37 

Assume  ingress  at     5  5t!  0     inslead  of     5  55  30, 
which  gives     5i'  58'"  55m!,     (M     19'   12" 

7229 

";; 

5  58  54.6 

64  18  50 

2150 

5  58   17,3 

126  58  10 

101 

.Assume  ingress  at    (>  0  I     Insteaii  <if    i!  0  li!, 
which  gives    S''  .58'"  39v»,     37^    1'  9" 

7335 

,s 

5  5,'<  41.2 

37     1     4 

170 
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Are.  Gen.  Catal.  forKqulnox  1760.0 1 

No. 

K.A. 

N.P.D. 

No.  1 

Mag| 

a 

S 

•2161 

ii     III     • 
0  59  53.7 

136     6  23 

77 

Assume  ingress  at    5  o6  58    instead  of    .'>  '>8  38, 
wliicli  gives     C"  0'"  ;JM,     itP  'J'  r,7" 

1 
7350 

1 
7 

6     0     1.3 

46  11     1 

A  2181 

6    2    2.8 

lis     1  50 

127 

Using  tlie  ingress  recorded  for  no.  2184, 
we  oljtain     G''  1"'  45'.",     27'^  54'  5" 

7431 

-J 

6     1  45.7 

27  53  23 

A  2184 

6    2  31.7 

117  34     1 

127 

Using  tlie  ingress  recorded  for  no.  21   I, 
we  olitain     (Ji'  2'"  48".8,     27°  41'  51' 

7465 

7 

6     2  49.8 

27  41  53 

1 

2i'.n; 

6    3  56.3 

134  48  38 

77 

Assnnie  ingress  at    G  3  51     instead    if     il  i;  1.     wliiili 
gives     (il'  8'"  ."(IM,     44^  50'  25".     A   elii\ngi'  "f  —5- in 
tlie  egress  also  gives     «''  3'"  48\2.      44'  4Si'  32",     ac- 
cording closely  with  recent  observa  ions. 

7456 

"3 

6     3  4«.l 

44  49  43 

M  22()r. 

6    6  ID.O 

145     2  18 

61 

Erroneously  reduced  in  British  ediiion.     Tlie  observa-    7467 
tions  give    «''  5'"  27M,     54^  54'  4-1 ".    Is  identical  with 
no.  2201,  A  Pictoris,  tlie  ingress  of  which  recorded  on   ' 
p.  59  was  corrected  by  1'"  in  the  British  reduction.          ' 

51 

4 

6     5  26.1 

54  55  16 

A  2208 

6    6  57.2 

113  58  12 

133 

Assuming  the  ingress  at  G  4  5     instead  of     li  4   13.     w'c 
obtain      G''  G"'  53".0,      24°  0'  1",      according  precisely 
with  the  Cordoba  position  in  187G.     The  assumption  of 
6  4  3  however,  seems  more  probable,  giving  G''  G'"  52'.0, 
24°  0'  28".     The  absence  of  large  proper  motion  is  in- 
dicated by  Yarnall  2592. 

7584 

7 

6     6  53.5 

24    0    1 

A2216 

6    8  23.7 

120  57  46 

121,3 

This  star  was  observed  on  two  nights,   1751   Nov.  28 
(p.  121),  and  1752  Feb.  23  (p.  123);  but  llic  observa- 
tions neither   accord   with   each   other,  nor  with   the 
Argentine  Gen.  Catalogue.      A  small  proper  motion  in 
Decl.  is  indicated  by  the  Brisbane  Catalogue,  and  by 
Taylor,  but  is  quite  inadeiiuate  to  explain  the  discord- 
ance.    These  can  be  reconciled  by  supposing  that  on 
p.    121  the  egress   should  be   at  "  G  8  23     instead   of 
6  8  18,      thus  giving      6^  8™  25'.0,     30^  55'  4G";     an<l 
that   on  p.  123  the  moments  should  be     G  9  27     and 
6  10  7    instead  of    6  9  32    and    6    9  57    respectively, 
which  assumptions  give    6"^  8""  23*.5,     30°  55'  26" 

7615 

n 

6    8  23.7 

30  55  45 

2235 

6  11  45.0 

141  24    0 

64 

Assume  ingress  at     6  9  10     instead  of    6  8  50, 
which  gives     G^  11™  55».4,     51°  20'  59" 

7662 

8 

6  11  55.7 

51  21     4 

A  2236 

6  11  51.9 

119    3    8 

121 

Assume  both  moments  as  3«  less,  giving     G''  11'"  48*.9, 
29°  3'  9".     Same  star  as  no.  2237. 

7705 

'5 

6  11  48.8 

29    3    3 

2237 

6  11  54.1 

119    2  33 

123 

Assume  ingress  at    G  11  18     instead  of     G  11  33, 
which  gives    6''  11""  46^5,     29°  2'  32" 

M  2275 

6  16  36.3 

156  30  57 

37 

Assume  ingress  at     6  5  3     instead  of     6  15  3, 
which  gives     Gi-  11"'  37'.6,     G,^'^  27'  50" 

7579 

'i 

6  11  35.2 

65  27  51 

2  2 ','9 

6  19  12.1 

142  44  45 

65 

To   reconcile   the   position  with   modern   observations, 
the  ingress  must  be  made  earlier  by  10%  and  the  egress 
later  by  20».     Then  we  have     6''  19'"  17".7,     52^^  40'  10". 
The  proper  motion  is  small. 

7862 

H 

6  19  17.5 

52  40  22 

A  2306 

6  20  35.9 

121     2  19 

113 

Assume  egress  at    6  20  5     Instead  of    6  20  10, 
which  gives     6''  20'"  33^4,     31°  1'  16" 

7948 

7i 

6  20  32.9 

31     1  17 

2315 

6  21  40.5 

135  35  24 

77 

Assume  ingress  of  no.  2352  at  G  27  15  to  have  been  inter- 
changed with  egress  of  no.  2315,  which  gives  G''  21'"  4.5«.0, 
45°  36' 54" 

7951 

7i 

6  21  44.7 

45  37  29 

2352 

6  26    8.1 

135    9  59 

77 

Using  for  ingress  the  egress  of  no.  2315.  and  assuming 
egress  at      G  30  U     "instead  of      6  30  IG,      we  have 
6"  26'"  PC,     45°  10'  41" 

8059 

H 

6  26    0.2 

45  1 1  56 

2363 

6  27    2.8 

167    5  25 

17 

Assume  ingress  at     6  24  32     instead  of    6  25  52, 
which  gives     61'  26'"  2G'.0,     76°  55'  54" 

Z.C.966 

6  26  25.8 

76  55  51 

A  2420 

6  34    0.3 

117  23  11 

127 

Assume  ingress  at     6  31  20     instead  of     G  31  28, 
which  gives     Gii  33'"  56^4,     27°  21'  24" 

8329 

'i 

6  33  56.7 

27  21  24 

2441 

6  36  28.5 

134  50  31 

77 

Mistake  of  5™  in  British  edition.     True  position  should 
be     61'  31"'  28'.5,     44°  50'  31" 

8218 

7| 

6  31  25.9 

44  51     9 

A  2456 

6  38  47.3 

117  n  36 

127 

Assume  ingress  at    6  35  26     instead  of     6  35  51, 
which  gives     6i>  38"'  35*.2,     27°  6'  59" 

8468 

8 

6  38  35.8 

27    7    4 

A  2461 

6  39  15.7 

113  51  21 

133 

Assume  egress  at     6  41  8     instead  of     G  41  3.     which 
gives      Gh  39'"  18M,     23°  52'  28".      Yarnall  2756  indi- 
cates no  proper  motion. 

8495 

^ 

6  39  16.1 

23  52  28 

A  2485 

6  41  48.4 

116    8  31 

127 

Egress  interchanged  with  that  of  no.  2503.     Using  the 
latter,  which  is  G  45  8,  we  have  6''  42"!  31^3,  25°  49'  44" 

8586 

7f 

6  42  32.4 

25  49  45 
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A  2496   G  43  2.3     114  10  19 


A  2497  6  43  5.4  114  1  4 

A  2503  6  43  40.8  116  21  4 

A  2507  C  43  52.3  113  36  35 

2529  6  46  36.9  123  26  0 

2533  6  47  6.1  128  19  41 

A  2.538  6  47  28.6  114  40  8 

2542  6  47  57.7  146  23  26 


133 
127 

1.33 
113 
101 
133 
55 


A  2545   6  48  13.6  116  59  43  127 

A  2555   6  49  21.7   116  2151'  127 

A  2558   6  49  36.2   117  36  22  127 

A  2571   6  50  54.5  118  7 

A  2573   6  51  8.8  115  40  43:  127 
i 

2591   6  53  9.0  145  37  50  55 

2598   6  54  21.7   1  15  55  17  55 

2606   6  56  8.6  146  24  s'  55 

I 

A  2623   6  57  23.6  116  3  7  127 

2632   6  )8  7.8   14  7  6  4 


2670   7  3  38.5   127  55  35 
2679   7  4  20.4   128  16  52 


101 
101 


2708 


22.6   131  12  9   95 


L.tcAii.LE's  observations,  which  gave  the  positions  of  the 
supposed  stars  nos.  '2'>'Mi.  249fi  antl  2497,  liave  been  dis- 
cussed by  Akgi;i,.\xdki!  in  A.X.,  no.  Uu",  as  well  as  in 
the  15. B.  Vol.  VII.  The  stars  are  very  abundant  in  this 
regioii,  and  numerous  errors  were  made  in  the  haste  of 
recording.  Yet  no  means  has  been  found  of  explain- 
ing eitlier  the  ingress  or  the  egress  noted  for  no.  2496. 
I  can  suggest  no  better  explanation  than  that  the  in- 
gress may  have  been  at  G  4li  .52  instead  of  C  ;19  52, 
and  egress  at  0  4.")  28  instead  of  G  4.5  33.  These 
assumplionsgive  the  position  G'' 43"' 30". 9,  23^  5.5' 38', 
which  is  nearly  that  of  a  star  in  the  catalogues  of 
PiAZZi.  .\h(;klaxder,  Yahxai-I.  and  Cordoba.  The 
proper  motion  is  insignificant  in  u,  and  about  0".04 
uortliward;  and,  to  represent  the  place  exactly,  La- 
caille's  observations  should  have  been  G  40  48  and 
6  45  2G. 

Assume  egress  at    6  40  15     instead  of    6  45  15, 
which  gives     G'>  43"'  34-.5,     24"  14'  35' 

Egress  interchanged  with  that  of  no.  2485.  Using  the 
latter,  which  is  P  42  4G,  we  have  G''  42"'  5r".9,  20°  40'  2' 

Assume  ingress  at    0  41  49     instead  of     G  41  54, 
which  gives    C'  43'"  4U«.7,     23°  37'  43' 

Assume  egress  at    G  46  30    instead  of    0  40  50, 
which  gives     (!'■  40'"  2G".8,     33°  30'  14' 

Assume  ingress  at    6  47  49     instead  of    G  47  39, 
which  gives    G''  47'"  10'.9,     38°  21'  40' 

Assume,  with  Argelandeij.  ingress  at  0  46  45  instead 
of     0  44.54,     which  gives     O^  48'"  22.2,     2.5^  5'  31' 

If  we  assume  egress  at  G  53  5  instead  of  0  .52  40, 
we  obtain  G''  48'"  .5M,  50°  25'  20'  being  the  place 
of  a  9^'  star,  but  Lacaili.e  could  hardly  have  observed 
it,  if  so  faint  as  now.  Thel)rightest  star  in  the  vicinity 
not  observed  by  him  is  Gilliss  373  or  G.C.  8G53,  but 
large  changes  in  both  moments  would  be  needful  for 
representing  its  position. 

.\ssume  egress  at     0  49  50     instead  of    0  50  56, 
which  gives    G>'  47'"  42».8,     27-  13'  10' 

.Vssume  egress  at    6  49  .50     instead  of    6  50  50, 
which  gives     G''  48'"  52-.4,     20=  8'  30' 

Kgress  interchanged  with  that  of  no.  2571.  Using  the 
iatter.  which  is  0  51  8,  we  have  (!'•  49'"  41-.5,  27°  34'  22'. 
But  assuming  ingress  at  0  47  31  instead  of  G  47  34, 
we  obtain  the  position     (!''  49'"  lO'.O,     27°  33'  41' 

Using  egress  recorded  for  no.  2558,  which  is     0  .50  .59, 

we  have     Gi-  50"'  49-.9,     2,8°  9'  55' 
.\ssuming  egress  at    6  50  48     instead  of    6  51  3,     we 

have     0''  51'"  1".4,     25°  37'  20',     being  another  obser- 
vation of  Lac.  2572. 
.Vssume  ingress  at    G  53  .35 

which  gives     6''  52'"  3S'.0, 
.Vssume  ingress  at    G  53  49 

which  gives     G""  53'"  54".4, 
.Vssume  ingress  at    G  ,53  37 

which  gives     6''  .55'"  33".2, 
.Assume  iniircss  at     G  54  53 

which  gives     0''  56'"  53'.0, 
.Vssume  ingress  at    0  54  10 

which  gives     0''  57'"  35'.0, 

Ueducing  for  lower  part,  we  obtain  7''3'"3G".0,  37  45'  10" 

.Vssume  egress  at     7  10  46     instead  of     7  9  4G, 
which  gives     7''  4'"  5I'.0,     3S°4'51' 

The  only  stars  l>elow  s"  in  this  vicinity,  excepllng  l,ac. 
2712,  arc  Gilliss  402  and  40.!,  neither  of  which  can  Ih- 
represented  by  these  observations  without  changes  In 
l)oth  ingress  and  egress.  Yet  they  have  no  decided 
proper  motion.  The  observation  must  bo  very  erro- 
neous. 


8619     8       6  43  27.9     23  56  13 


instead  of    6  54  5, 
55-   46'   15' 
instead  of    0  54  49, 
5G"  3'  33' 

instead  of    0  .54  47. 
56°  33'  50' 
Instead  of    0  53  ,53, 
20'  16'  30' 
Instead  of    6 
5(i"'  56'  51' 


Arg.  Gen.Catal.  forEquinoi  1750.0 


No.  IMagl 


15, 


8624  7  6  43  35.8  24  14  41 

8597  7  6  42  57.6  26  39  58 

8631  7 J  6  43  49.0  23  37  59 

8687  7^  6  46  25.5  33  30  0 

8691  7i  6  47  9.3  38  21  31 

47  6  6  48  21.3  25  5  32 

8662  9  6  48  4.3  56  25  9 


8732  6i  6  47  43.3  27  13  14 

8760  72  6  48  53.3  26  9  0 

8777  1i  6  49  38.1  27  33  48 

8808  7{  6  50  49.5  28  9  9 

8818  7^  6  51  0.6  25  36  45 

8788  8 J  6  52  36.5  55  46  18 

8827  6J  6  53  53.6  56  S  19 

SS76  8  6  55  ,35.7  56  33  34 

8983  7  6  56  52.5  26  17  4 

8927  7i  6  57  34.1  56  57  23 

9145  8  7  3  36.9  37  46  1 

91.S3  7;  7  4  ."'3.1  .US  .|  ,;:i 

9251  7  7  7  21.5  4  1  3'.t  41 

9256  7<  7  7  35. .s  41  43  34 


T  II  K     A  S  r  K  < )  N  ()  M  I  V  A  L     .1  O  U  H  N  A  I. 


N"  214. 


Catalogue- position. 

C.  A. 

Arg.  Gen.  Catal.  for  Equ 
No.  |Mag{          a 

nox  1750.0 

a          1 

No. 

R.A. 

N.P.I). 

A  2730 

Ii       in       > 

7     8  ;-.7.2 

116     1     5 

127 

.V.s.sumc  iii^russ  at     7  (i  .5fi     instead  of     7  7  ;il, 
which  yivcs     7''  8'"  39'A.     20=  8'  .54" 

9323 

6 

1,      n.       . 

7     K  40.5 

26°  8  45 

27r)!) 

7  12    7.1 

141  23  5M 

67 

Assuming  iiij;rcss  at     7  !l  25     instead  of     7  it  :i.j,     and 
reducing;  for  the  npper  part  instead  of  the  lower,  we 
obtain     7''  12'"  4'.G,     51°  35'  39" 

9354 

«i 

7  12     4.6 

51  35     4 

2.S07 

7  1(1  3S.9 

112     6     1 

67 

.\ssume  egress  at     7  21  22     instead  of     7  21  2, 
which  gives     7''  10'"  41)*.2,     52'  2'  r,2" 

9495 

8 

7  16  47.4 

52    2  37 

A  2823 

7  19  29.0 

120  .57  16 

121 

Observed  correctly  twice  (pages  115  and  12:!),  but  on  p. 
121,  the  ingress  should  be    7  19  20    instead  of    7  19  25. 
This    gives       "'•  19"'  26\6,      30='  5li'  48",      employing 
.AuGKi.ANDEu's  Correction  to  the  rodiiction-tables;  and 
the  mean  of  llic  three  observations  lieciiines  7''  19"'2«-.7, 
30°  57'  2(i" 

9621 

6i 

7  19  26.0 

.30  57  22 

A  285.^1 

7  21  22.0 

117  19  53 

127 

.\ssume  egress  at    7  24  15     instead  of     7  25  15, 
which  gives     7''  23'"  51".3,     28°  3'   11" 

97.39 

7i 

7  23  51.2 

28    2  30 

A  2864 

7  2.")  Ki.i; 

115  35     1 

127 

.Assume  both  ingress  and  egress  one  minute  earlier  than 
recorded;  which  gives     7''  24'"  lo  .1;,     25    35'  1".     or 
Lac.  2854. 

9752 

" 

7  24  10.9 

25  35  1 1 

2866 

7  2o  18.9 

132  45  35 

87 

Assume  ingress  at     7  23  29     instead  of     7  22  L'9, 
which  gives     7''  25'"  49'. 7,     42°  35'  5" 

9763 

H 

7  25  48.8 

42  34  55 

2874 

7  26  32.6 

133  55  27 

87 

Assume  egress  at     7  29  22     instead  of     7  28  22, 
which  gives     7''  27'"  3».4,     43°  44'  24" 

9797 

7 

7  27     1.2 

43  45  29 

2879 

7  26  48.0 

131  40  48 

97 

Assume  egress  at    7  27  54     instead  of     7  28  54, 
whicli  gives     7I'  26'"  I7«.3,     41°  52'  23" 

9783 

7§ 

7  26  i.s.;i 

4151  52 

A  2.S82 

7  26  r)9.8 

116  10  25 

127 

Assume  ingress  at     7  24  48     instead  of     7  25  13 
which  gives         7''  26'"  46\9,     26°  15'  59" 

9825 

<"* 

7  26  49.1 

26  16  14 

288y 

7  27  .59.4 

134  35  34 

87 

Assume  ingress  at     7  29  1     instead  of     7  28  1, 
which  gives     7''  28'"  30''.2,     44°  24'  50' 

9H41 

'i 

7  2.S  29.7 

44  24  38 

28!)4 

7  28  25.3 

134  37    0 

87 

Assume  egress  at    7  29  23     instead  of     7  28  23, 
which  gives     7''  28">  56M,     44°  26'  16" 

9851 

"'h 

7  28  54.1 

44  26  21 

290.5 

7  29  44.1 

139  12  49 

73 

Assuming  ingress  at    7  33  17    instead  of    7  28  17,     we 
have     7"  32'"  8'.*,     50°  2'  9",     or  nearly  the   position 
of  GiUiss  553.     If  we  also  assume  the  egress  lo   have 
been  at  7  34  20  instead  of  7  34  10,   we  lind   7'' 32'"  13-.9, 
50°  0'  31" 

9942 

"'h 

7  32  12.4 

50    0  53 

2915 

7  31     9.2 

132  53  28 

87 

Assume  ingress  at     7  28  58     instead  of     7  27  5s, 
which  gives     7''  31'"  40«.0,     42'  42'  39" 

9945 

7i 

7  31  39.0 

42  42  55 

2971 

7  37    8.4 

143  30  10 

61 

.Vssu me  egress  at     7  42  11     instead  of     7  41    11, 
which  gives     7''  37'"  3SM.     53°  58'  52" 

10105 

'i 

7  37  37.3 

53  38  59 

2989 

7  38  28.6 

139  44  34 

73 

Assume  ingress  at    7  38  21    instead  of    7  38  41, 
which  gives     7''  38'"  19>.0,     49°  41'  IS" 

10144 

H 

7  38  18.7 

49  41  25 

299.5 

7  39    3.8 

121     3  18 

121 

Assume  ingress  at    7  38  26   instead  of   7  38  30,    which, 
using  -AiiGEL.^NDER's  Correction  to  reduction  table,  gives 
7"  38'"  54^7,     31°  0'  25" 

10217 

'2- 

7  38  56.8 

31     031 

3009 

7  40    9.4 

156    5  23 

37 

Ingress  exchanged  with  that   of   no.  3054.     Using  the 
latter  value,   7  38  33,   we  obtaiu  7''  41'"  9^0,  60°  17'  55' 

10148 

73 
4 

7  41    8.2 

66  18  17 

30,-)4 

7  44    5.9 

155  10  57 

37 

Using  the  ingress  of  no.  3009,     7  36  32,                               110222 
we  obtain     7''  43'"  5«.7,     65°  27'  40"                                    j 

6J 

7  43    3.9 

65  27  48 

3071 

7  46  14.4 

130  56  25 

97 

Assume  egress  at     7  49  48     instead  of     7  .50  12.                j  104 13 
which  gives     7"  46"'  P.9,     41°  1'  3" 

71 

7  46    0.1 

41     0  46 

3073 
3079 

7  46  27.8 
7  47  37.9 

119  41  17 
141  36  51 

121 
67 

The  catalogue  position  results  from  an  erroneous  repe- 
tition in  the  lower  part  of  the  observation  of  no.  3072, 
made  in  the  upper  part. 

Assume  ingress  at    7  47  3     instead  of     7  45  3, 
which  gives     7'>  48'"  36».0,     51°  57'  7" 

10457 

7 

7  48  34.2 

51  55  51 

3094 
M3120 

7  49  32.5 
7  52  55.1 

137  13-34 

138  16    0 

■79 

73 

Erroneous  reduction  in  British  edition.     The  correct  re- 
duction gives     7''  49'"  53*.5,         47°  13'  34" 

.\ssume  egress  at     7  57  21     instead  of     7  57  11. 
which  gives     7''  52'"  59'. 8,     48°  17'  38" 

10510 
10605 

63- 

6^ 

7  49  53.8 
7  52  58.9 

47  13  42 

48  18  17 

3126 

7  53  58.8 

152  19  43 

43 

Observation  must  have  been  made  in  upper  part,  as  sug- 
gested in  British  edition.     The  reduction  would  then 
give     7I'  53'"  59^7,     02°  37'  27" 

10565 

6i 

7  53  58.2 

62  37  27 

N°-214. 


thp:   astronomical   .iournal, 


Catalogue-position. 


No. 


n.A. 


N.P.D. 


3128  7  r,r  7.7  130  32    3 

3129  7  .J4  14.4  139  49  36 
3176  8  0  45.2  138  8  39 
3198  8  3  3.1  141  47  53 
3232  8  6  0.1  135  46  19 

A  3243  8  7  12.1  118  57  52 


3245 
A  3247 


8  7  18.0 
8  7  30.0 


170  29  14 
119  22  3 


A  3251  8  8  1.7  119  8  56 


3253 
3265 
A  3266 
A  3267 
3271 
3274 
3312 

3316 
3324 
3347 
3349 
3354 
M  3359 
3409 
3438 
3445 

3447 
3455 
3457 


8  8  15.1 
8  10  0.5 
8  10  3.8 
8  10  4.7 
8  10  27.5 
8  10  43.6 
8  15  22.7 

8  15  51.9 
8  17  9.3 
8  19  40.0 
8  19  44.1 
8  20  9.0 
8  20  39.4 
8  25  4.5 
8  28  15.9 
8  28  31.C 

8  29  3.0 
8  29  44.6 
8  1'9  53.8 


146  7  32 
146  36  31 
118  44  49 

120  21  47 
142  55  38 
176  24  9 

121  4  27 

121  26  23 
128  15  25 
144  47  6 
141  56  7 

141  51  49 

142  18  15 
135  2  50 

137  17  36 
127  4  20 

135  20  56 

138  26  3H 
126  39  44 


73 
73 

'  67 
79 

123 

9 
123 

121 


00 

123 

123 

61 

1 

115 

115 
103 
61 
67 
67 
67 
79 
79 
103 

79 

73 

103 


Reducing  for  the  upper  part  we  liave  "'■  54"'  10-.8, 
40^  S-'  Vi" 

I  have  been  unable  to  reconcile  the  observations  witli 
anj'  star  now  existing. 

Assume  ingress  at    7  59  2     instead  of    7  .")9  52, 
wliich  gives    «<>  0'"  19\4,     48°  Hi'  50' 

.\ssunie  egress  at    8  8  2     instead  of    8  8  22, 
which  gives     8"  2'"  53'.9,     51^  .il'  4' 

Assume  ingress  at    8  3  42     instead  of    8  4  2, 
wliich  gives     S*"  5"'  49'.9,     45=  40'  42' 

Egress  exchanged  with  that  of  no.  3247.  Using  the  lat- 
ter value,  8  11  25.  we  have  S""  7"'  48".9,  29°  14'  5", 
being  position  of  IJ.  19(i2  and  that  of  Lac.  3251  after 
correction  of  the  ingress  on  p.  121. 

Assume  ingress  at    8  7  30     instead  of    8  7  50, 
whicli  gives     S''  7'"  7'.G,     80°  30'  52' 

Using  tlie  egress  of  no.  3243  as  8  10  25  instead  of 
8  10  10,  and  assuming  ingress  at  8  7  17,  instead  of 
8  G  17     we  obtain     8'>  7'"  31\2,     28"  5(;'  9* 

Assuming  ingress  at  8  5  3  instead  of  8  5  28,  we 
have  8''  7'"  49'.0,  29=  14'  19",  being  the  position  of 
no.  3243  after  correction  of  tlie  egress  on  p.  123. 

.\ssume  ingress  at    8  8  51     instead  of    8  7  5G, 
which  gives    8''  8'"  43».0,     55°  59'  59" 

Assume  ingress  at    8  8  45     instead  of    8  7  55, 
which  gives    8''  10"'  25'.7,     .5G°  29'  51' 

Assume  egress  at    8  12  3G    instead  of    8  12  31, 
which  gives    S'-  10'"  6'.3,     28°  45'  54' 

Assume  ingress  at    8  9  40     instead  of    8  9  50, 

which  gives    S""  9'"  59».8,     30°  19'  3G' 
Assume  ingress  at    8  II  38     Wi stead  of     S  1!  43. 

which  gives    8''  10-  25».0,     52°  56'  23' 

The  star  is  G.C.  9770.  but  the  instrumental  errors  appear 
to  have  made  botli  inonieuts  al)ont  <'<"'  late. 

Egresses  interchanged  with  no.  331G.  Using  the  ingress 
given  for  the  latter,  8  15  51,  we  obtain  8''  15'"  11-.9, 
31=  8'  57' 

Assume  ingress  of  no.  3312,     8  IG  11. 
whicli  gives    8''  Iti'"  2'.7,     31°  21'  55' 

Assume  ingress  at    8  13  15     instead  of    8  13  20, 
which  gives     8''   17'"  ti'.8,     38°  14'  29' 

Assume  egress  at    8  23  21     instead  of    8  24  21, 
which  gives    8"'  19'"  9».6,     54°  55'  5G' 

Assume  egress  at    8  24  13     instead  or    8  24  38. 
which  gives    8''  19"'  31".2,     52°  0'  4' 

Assume  egress  at  8  25  G    instead  of    8  25  IG, 

which  gives     8''  20"  3-.9,     51-  53'  25' 

.Vssunie  egress  at  8  24  35     instead  of     8  24  23, 

wliich  gives     8''  20'"  44-.G,     52=   IG'  21' 

.Vssuuie  egress  at    8  2G  47     instead  of    8  27  32, 
which  gives     8"  24"'  42-. G.     44=  54'  5G', 

Assume  egress  at     8  31  o     instead  of    8  30  10, 
which  gives     8''  2S'"  4I".G.     47°  9'  4' 

Egresses  Interchanged  with  no.  3457.  Using  that  given 
for  the  latter,  H  29  II,  we  obtain  8''  28'"  40'.9. 
37'  8'  5' 

.\ssuine  e-iress  at    8  28  22     Instead  of     s  2S  47, 
which^ives     8''  29"'  20-.2,     45=  25'   14' 

.\ssnme  ingress  at    8  27  18     Instead  of    8  27  58, 
which  gives     8i>  29'"  23".9,     48=  33'  4' 

Egress  interchanged  wltli  that  of  no.  3445.     Using  that 
given  for  the  latter,    8  28  52,    we  obUiln    S*-  2',i'"  44-,5. 
,     3G°  35'  50' 


Arg.  Gen.  Catal.  for  Equinox  1  T.'iO.  o 


No.    Mag 


10668  6^  7  54    9.3  40  37  20 

10810  7  8    0  19.4  48  17  36 

10881  74  8    2  50.8  51  50  46 

10989  74  8    5  51.9  45  49  53 

11083  7  8    7  49.0  29  14  27 


10681 

9 

8  7  6.0 

80  30  56 

11076 

'j 

8  7  29.5 

28  55  55 

11083 

7 

8  7  49.0 

29  14  27 

11040 

8J- 

8  8  42.9 

55  59  59 

11093 

n 

8  10  26.1 

56  30  16 

11152 

8 

8  10  5.8 

28  46  0 

11144 

'  4 

8  10  2.1 

30  19  25 

11107 

8i 

8  10  24.0 

52  56  9 

C.I-.  17 

6| 

8  6  14.2 

86  29  6 

11294 

7 

8  15  10.9 

31  8  26 

11312 

't 

8  16  2.1 

31  22  1 

11332 

7 

8  17  7.7 

38  15  5 

11349 

-I 

'  5 

,s  i;»  7.2 

54  56  21 

11371 

62 

8  19  30.0 

51  59  88 

11385 

7 

8  20  1.5 

51  53  14 

11402 

•'i 

S  20  44.1 

52  16  n 

11530 

7 

8  24  43.3 

44  54  39 

11633 

"i 

8  28  42.3 

47  8  16 

11660 

7  1 

«  28.39.4 

37  8  42 

11 662 

"i 

S  29  22. 1 

45  25  5 

11656 

8i 

8  29  23.4 

48  33  43 

11693 

7A 

8  29  43.5 

36  36  7 

174 


T 11 E     A  S  T  U  i)  N  O  yi  1  C  A  L     J  O  L'  U  N  A  L  , 


N"  21 4 


Catalogue-position. 


No. 


K.A 


N.P.D. 


3488  8  33  4-2.0  r2K    9  10 

3489  8  33  4-2.'.)  102  20  19 
3493  8  34  10.7  1-28  4  34 

3520  8  36  4  7.4  135  27  27 


C.A. 


35-23 
M  3528 
3530 
353-1 
3538 
3539 
3542 
3550 
3559 
3611 

3616 
3633 
3645 
3659 

3682 

3708 

3745 

A  3926 
A  3936 

3948 
3978 
3982 


8  37  0.3 
8  37  41.5 
8  37  44.1 
8  37  54.2 
8  38  13.7 
8  38  22.2 
8  38  40.1 
8  39  45.1 
8  40  41.0 
8  47  45.6 

8  48  19.1 
8  50  0.5 
8  51  10.3 
8  52  50.6 

8  56  23.1 

9  0  55.3 

9  4  57.3 

9  25  32.7 
9  26  11.2 

9  27  13.6 
9  31  4.6 
9  31  55.7 


21 
103 


168  10  0 
131  11  58 
135  5  36 
1 28  50  1 1  1 
128  4  9 
128  3  9 
135  17  47 
1 03  30  26 
164  11  27 
106  8  8 

1 60  4  58 
139  38  52 
139  44  55 
148  4  32 

157  15  55 

151  56  21 

157  38  59 

120  14  41 
119  44  25 

127  2  28 
139  5  14 
167  21  46 


4010   9  35  49.4  129  38  30 


13 

97 

79 

103 

103 

103 

79 

21 

21 

17 

17 
73 
73 
55 

33 
43 
33 

123 

103 

.  73 

17 

97 


.Assunm  instress  at    8  30  7     instead  of    8  2!t  37, 
wliicli  gives     «i'  3;!'"  r,G\G,     :iH'  I.".'   11" 

Assume  egress  at    8  36  22     instead  of    8  35  22, 
wiiicli  Kives     8''  34'"  11-.3,     72°  21»'  43" 

Tlie  stars  passinj;;  the  reticule  at  tliis  time  were  numerous 
and  the  errors  of  record  exceptionally  fre(|Uent.  Tlie 
injrress  recorded  here  seems  to  have  l)eeii  tlial  of  (i.e. 
11832,  aud  the  egress  that  of  O.C.  11.S12;  tlie  other 
moment  liaving  l)cen  observed  for  neitlier. 

No  explanation  discovered.  To  attain  accordance  with 
the  sky,  it  would  be  needful  to  make  the  ingress  earlier 
by  15",  and  the  egress  earlier  bv  20".  Then  we  sliould 
have    81'  36'"  30».0,     45°  20'  36" 


Arg.  Gen.  Catal.  forEqu 

nox  1760.0 

No.  Mag     a 

8 

h   in   • 

o        1     11 

11809  8^  8  33  54.4  38  14  47 
11603  6 J  8  34  8.7  72  29  49 


11870  8  8  86  29.0  45  26  41 


Assume  ingress  at    8  36  29 
which  gives     S'"  37'"  32".3, 

Assume  ingress  at    8  37  58 
which  gives     8''  37'"  36'.6, 

.Assume  ingress  at    8  38  11 
which  gives     8''  37'"  5!)».5, 


instead  of 

78="  4'  6" 

instead  of 
41"  40'  G" 

instead  of 
4.5"  0'  21" 

instead  of 

38°  53'  8" 


8  35  29, 
8  38  8, 
8  37  41. 
8  35  35, 


Assume  ingress  at    8  35  hO 
which  gives     8''  38'"  I'.o, 

Assume  ingress  interchanged  with  that  of  no.  3539. 
which  gives     8''  38'"  IG'.G,     38°  5'  21" 

Assume  ingress  interchanged  with  tliat  of  no.  3538, 
which  gives     8''  38'"  19\3,     38"   1'  57" 

Assume  ingress  at     8  38  23 
which  gives     8"'  38'"  50\4, 

.Vssume  ingress  at    8  36  47 
which  gives     8''  40'"  12».9, 


instead  of    8  38  3, 
4.")°  14'   19" 


instead  of    8  3. 

73°  39'  41" 


.\ssume  ingress  at    8  38  59 
which  gives    8''  40'"  36', 


instead  of 

74°  10'  2" 


47 

39  9, 


.Assuming  both  moments  30-  later,  we  obtain  8''  48'"  15».6, 
7G°  8'  8";  t)Ut  if  we  suppose  the  ingress  35«  later,  we 
shall  have     8''  48'"  18».3,     76°  7'  36" 


Assume  ingress  at    8  43  48 
which  gives     8''  47'"  47M, 


instead  of     8  44  4S, 
76°  11'  32" 


Assume  ingress  at    8  51  6     instead  of    8  49  56, 
which  gives    8'"  50'"  34».2,     49°  50'  18" 

Assume  ingress  at    8  52  20    instead  of    8  51  25. 
which  gives    8''  51""  36'.9,     49°  53'  54" 

Both  transits  must  be  supposed  30'  later  than  recoi-ded. 
Then  we  have  8''  53'"  20'.6,  58°  4'  33",  agreeing 
with  a  9*"  star. 


xVssume  egress  at    8  58  22 
which  gives    8'"  55'"  51*.5 


instead  of     8  59  27 
67°  9'  50" 


Assume  ingress  at 
which  gives    9'' 


8  57  56     instead  of    8  57 
'"  20'.6,     61°  50'  38" 


.\ssume  ingress  at    8  58  0     instead  of     8  59  0, 
which  gives     9'-  4'"  26».l,     67°  44'  22" 

Interchanging  tlie  times  of  egress,  we  have 

42" 


30° 

29    51     28 

"  later  than  recorded, 

37°  2'  27" 

instead  of    9  29  16, 

49°  0'   10" 


9'>  25'"  17M, 
9     20      26 .9. 

Assume  both  moments  as  10' 
which  gives    9''  37'"  13*.5, 

Assume  Ingress  at    9  28  46 
which  gives     9''  30"'  50M, 

Cannot  explain  this  observation  satisfactorily.  By  add- 
ing 1'"  to  the  time  of  ingress,  and  20'  to  that  of  egress, 
we  may  obtain  the  approximate  place  of  a  small  star  in 
the  Cape  Catalogue. 

Assume  ingresj.  at  9  45  40  instead  of  9  35  40,  which 
gives  9M5"' 49'.4,  39°  38' 29".  In  the  British  edition 
10'"  were  wronglv  subtracted  from  the  egress. 


11061 

H 

8  37  30.0 

78  3  42 

11907 

"'h 

8  37  35.1 

41  39  42 

11917 

H 

8  38  0.5 

45  0  25 

11928 

8 

8  38  1.9 

38  53  33 

11940 

'i 

8  38  14.2 

38  4  59 

11943 

7 

8  38  17.3 

38  1  57 

11945 

^ 

8  38  50.4 

45  14  46 

11829 

7 

8  40  12.0 

73  40  55 

11834 

H 

8  40  30.2 

74  10  30 

12033 

-'i 

8  48  18.7 

76  7  35 

12018 

n 

8  47  40.5 

76  12  11 

12-234 

"'i 

8  50  34.8 

49  50  50 

12262 

H 

8  51  37.7 

49  53  57 

12292 

9 

8  53  21.2 

.'i8  4  17 

12317 

7 

8  55  49.5 

07  9  57 

12452 

7 

9  1  20.6 

01  50  53 

12501 

8 

9  4  28.3 

67  44  40 

13106 

n 

9  25  15.7 

30  7  31 

13134 

'4 

9  26  27.2 

29  51  30 

13356 

7? 

9  37  12.5 

37  2  26 

13203 

8 

9  30  49.8 

49  0  51 

13556    74    9  45  48.4     39  38  46 
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Catalogue-position. 

C.A. 

Ar!;.( 

en.  ratal,  for  Kquinox  1750.0 

No. 

R.A. 

N.P.D. 

No. 

.Mag 

a 

d 

h        III        s 

O           t          tf 

Vtf 

A  4026 

9  37  30.4 

115  16  23 

135 

Assume  iuKiess  at    9  36  52    instead  of    9  30  57, 
which  gives     g"-  37'"  28'.0.     25°  15'  15' 

13371 

7 

9  37  27.2 

25  15  50 

4078 

9  45  44.7 

146  30    9 

55 

Assume  ingress  at    9  44  1+     instead  of    9  44  4, 

13530 

H 

9  45  45.4 

56  26  39 

which  gives     ^^  45'"  49".8,     5G=  28'  49' 

13531 

n 

9  45  49.7 

56  28  21 

A  4087 

9  47  17.0 

114  10  39 

135 

Assume  egress  at    9  49  28     instead  of    9  50  28, 
which  gives    91"  4G'"  47».5,     23°  57'  7' 

13595 

7 

9  46  46.7 

23  56  56: 

4108 

9  50  48.2 

146  53  45 

55 

Assume  egress  at    9  58  0    instead  of    9  57  40, 
which  gives     9'>  50"'  58'.5,     5G°  56'  22' 

13651 

1^ 

9  .50  58.1 

56  56  1 6 

A  4124 

9  52  42.6 

113  53  57 

135 

Assume  ingress  at    9  49  27     instead  of    9  50  27, 
which  gives    9''  52"'  12M,     24°  7'  29' 

13717 

n 

9  52  12.0 

24     7    3 

4129 

9  53    5.8 

144  44  38 

61 

Assume  egress  at    9  56  51     instead  of    9  57  56, 

13695 

63 

9  .V2  33.3 

54  54     1 

which  gives    9"  52"'  32».7,     54"  54'  14" 

M4136 

9  53  54.1 

136  58  49 

79 

Interchanging  the  ingresses  of  these  two  stars,  we  obtain 

13750 

'i 

9  .54  38.6 

47  14  33 

M4158 

9  57    4.3 

136  25  29 

91'  54"'  38'.7,         47°  1  4'  3C» 
9    56     19  .6,         46       9      9 

13797 

5J 

9  56  19.4 

46    9  30 

4159 

9  57  15.9 

137  12  54 

79 

Assume  egress  at     10  0  24     instead  of    9  59  24, 
which  gives    g""  57'"  46n7,     47°  2'  36' 

13817 

6,3 

9  57  47.6 

47    2  48 

4164 

9  57  39.0 

143  11     1 

64 

Assume  egress  at     10  1  38    instead  of     10  0  38,    and 
ingress  at    9  58  0    instead  of    9  58  5.    These  changes 
give    9''  58'"  6'.0,     53°  20'  37' 

1.3815 

8 

9  58    6.0 

53  21     0 

•    4173 

9  59  43.1 

145  11  36 

61 

Assume  egress  at    10  2  53    instead  of     10  3  3,     which 
gives    9''  59"'  38M,     55°  13'  2' 

13844 

'  4 

9  59  37.7 

55  13    7 

4181 

10    0  30.4 

134  25  15 

87 

Assume  egress  at    10  0  11     instead  of    10  1  1,                  13873 
which  gives     lO^  0"'  4".8,     44°  34'  13' 

^ 

10    0    3.4 

44  34     4 

4182 

10    0  34.7 

134    9    1 

87 

Assume  ingress  at    9  58  18     instead  of    9  58  38,               13885 
which  gives     lO"*  0"'  25».0,     44°  5'  23" 

8 

10    0  22.1 

44     5  10 

4184 

10    0  44.2 

154  23  17 

39 

.\ssume  e-ress  at     10  5  20    instead  of     10  3  20,                13875 

of  10    1  43.6 

64  35  43 

which  gives     lO"-  1'"  42".2,     64°  35'  49' 

4210 

10    4     2.6 

127  40  23 

103 

Assume  e-jress  at     10  5  41     instead  of     10  6  41, 
which  gives     lO"-  3"'  32'.0,     37°  52'  32' 

13949 

" 

10    3  29.3 

37  52  15 

4211 

11)     4   14.4 

l.i2  40  13 

87 

Assume  ingress  at     10  0-10     instead  of  •  10  1  40,              1 13950 
which  gives     10''  3'"  43'.6,     42°  51'  3"                               | 

»i 

10    3  42.7 

42  51  36 

4223 

10    5  12.1 

133    2  41 

87 

Assume  ingress  at     10  0  37     instead  of     10  1  37,               13977 
which  gives     10''  4'"  41''.3,     43°  13'  21 '                             | 

^ 

10    4  41.5 

43  13  59 

4247 

10    8  14.1 

134    2  49 

87 

The  star  seems  to  be  Gilliss  1232,  but  with  an  error  of  3'.    14069 

7i  10    8  15.9 

43  59  54 

Proper  motion  does  not  explain  the  discordance,  and  I 

am  unable  to  reconcile  the  ot)servations. 

4269 

10  11  31.0 

129  49  53 

97 

Supposing  the  ingress  at     10  12  53    instead  of    10  10  53, 
and  egress  at      10  14  24      instead  of      10  24  24,      we 
And  the  position     10"  12'"  ;W\3,    39"  26'  .v.l'.     Dimin- 
ishing the  egress  by  5%  wc  should  have     10''  12'"  30'.8, 
39°  26'   1' 

1418.' 

T.I 
'  4 

10  12  30.3 

39  26  18 

4288 

10  14  27.9 

131  .50  52 

97 

Assume  egress  at     10  18  8     instead  of     10  16  8, 
wliich  gives     10''  15'"  2'J-.9,     41°  28'   18' 

14250 

H 

10  15  29.7 

41  28  21 

4302 

10  16  33.3 

143  47  55 

61 

Assume  egress  at     10  21   1     instead  of     10  21  41, 

14256 

7i  10  16  14.2 

53  43  33 

which  gives     10''  16'"  13-.6.     53"  42'  10" 

1 

4304 

10  17  31.1 

130    3  41 

97 

Assume  ingress  at     10  18  16     instead  of     10  16  18,           z.C.  1740  8 

10  18  32.6 

39  4 1  24 

which  gives     10''  18'"  ;t2'.4,     39°  41'  20'                             | 

4311 

10  18  32.2 

152  10  59 

lutcrchau-iing  the  egresses  of  nos.  4311  and  431S,                 14280 

^ 

10  17  54.1 

62     1  52 

4318 

10  19  11.8 

151  44  35 

45 

we  obtain        10''  17'"  53- 2.     62°    2'     1' 
10    19     50.7,     61    53    45 

14324 

10  19  51.9 

61  53  32 

4352 

10  23  34.0 

146  32  16 

55 

Assume  observation  to  have  lieen  in  the  upper  part, 
which  gives     10"'  23"'  33-. 4,     57°  23'  7' 

14401 

7 

10  23  28.8 

57  23    5 

4423 

10  31  55.1 

169  59  52 

13 

Assume  egress  at     10  37  20    instead  of     10  36  20, 
which  gives-     10"  32'"  27-.6,     79°  54'  20" 

14531 

'"^i 

10  32  28.9 

79  52  1 1 

4425 

10  32    8.5 

148  34  42 

51 

Assume  ingress  at      10  29  34       instead  of       10  SO  19, 
which  gives     10"  31'"  45- 4,     .18°  40'  29';    .so  that  we 
have  a  second  observation  of  no.  4420. 

14623 

'i 

10  31  45.3 

5S  40  21 

4436 

10  33     8.7 

1 73    4  20 

9 

Assume  ingress  at     10  34    11     instead  of     10  34  51, 
which  gives      10"  32'"  .'iO'.l,     83-'   1'  .Vl* 

14457 

8  A 

10  32  49.0 

83    3  43 

4474 

10  37  46.0 

161     5  32 

27 

Assume  egress  at    10  43  17  Instead  of   10  43  57, 
which  gives     10"  37'"  25'.4,     71°  9'  0* 

14743 

7 

10  37  26.6 

71    8    5 

T  11  ]•:     A  S  T  K  ()  N  < )  M  i  (   A  L     .)( )  l    K  N  A  I. 
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a 

f 

4476 

10  37  5r.O 

148  36  50 

51 

.\ssiime   injrress  at      10  3(!  51      instead    of       10  30  .34, 
which  jrives     lOi'  38'"  1\3,     ,58"  34'  1.5";    a  second  ob- 
servation of  no.  447'J. 

14788 

7    10  38    1.9 

58  33  38 

44H2 

10  38  18.6 

148  34  54 

51 

Assume  egress  at      10  39  33      instead  of      10  39  23, 
which  gives     10i>  38"'  23".e,    58°  36'  11';  a  second  ob- 
servation of  no.  4484. 

14797 

6^  10  38  22.3 

58  36  14 

4.")  17 

10  43  3G.9 

127  36  51 

103 

Assnnie  egress  at     10  44  24     instead  of     10  45  24. 
which  gives  the  position     10''  43'"  7\,5,     37'  25'  11" 

141125 

7     10  43    7.9 

37  25  43 

4537 

10  46  58.5 

126  29  45 

103 

The  minute  of  both  ingress  and  egress,  like  that  of  the 
egress  of  the  preceding  star  in  the  same  zone,  slionld 
be  44  not  45.     This  gives  the  position     Ki''  45'"  58\5. 
36°  2'J'  45" 

14983 

7^  10  45  56.3 

36  30  41 

4.)  4  6 
45:)1 

10  48  28.0 
10  48  45.5 

132  12  23 
132    0    0 

91 

Interchanging  egresses  of  nos.  454i;  and  4551,  and  as- 
suming  ingress  of  former  at      10  48  2(>     instead  of 
10  48  36,    We  rtnd  the  positions 

101'  4.S'"   14>.7,         42°  11'  5' 

10     48      53.8,         42      3    9 

15032 
15049 

72  10  48  14.4 
8    10  48  51.0 

42  10    1 

42    3  12J 

4547 

10  48  31.0 

142  10  57 

67 

Assume  egress  at     10  52  31     instead  of     10  52  41. 
which  gives  the  position     10''  48'"  25>.8,     52°  12'  31" 

15029 

7|  10  48  23.7 

52  12  19 

4578 

10  52  54.1 

175  37  59 

•' 

Assunie   ingress   at      10  52  24      instead   of      10  53  24, 
which  gives  the  position     10''  52'"  27».5,     85°  36'  43" 

14883 

8^  10  52  25 

85  34  33 

A  45iSL> 

10  53  19.1 

119    4  11 

123 

Supposing  ingress  at     10  52  40     instead  of     10  52  47, 
we  have  the  position     10''  53'"  15'.0,     29°  5'  42" 

15162 

7J  10  53  14.7 

29     5  31 

4590 

10  54  27.3 

135  58  12 

79 

Reducing  observation  for  the  upper  part,  we  have  the 
position      10'  54'"  29«.3,      46°  6'  38",      and   the  same 
star  as  no.  4591 

15188 

62  10  54  29.9 

46    5  49 

4501 

10  54  35.3 

136    5  58 

83 

Assuming  the  two  recorded  moments  to  be  o"  late,  as 
shown  by  no.  4590,  as  well  as  recent  observations,  we 
have  the'position     10''  54'"  30'.3,     40°  5'  58" 

j 

A  4G17 

10  57     5.1 

118  23  11 

123 

Assume  ingress  at    10  58  50    instead  of    10  58  5,   and 
egress  at      10  ,59  43      instead   of      10  58  43.      Tliese 
changes  give  the  position     10''  57'"  57».5,     28°  26'  29" 

15283 

7     10  57  56.2 

28  26  33 

A  4655 

1 1     2  28.3 

114  45  33 

135 

Assunie  ingress  at  •  11  0  37     instead  of     110  47, 
which  gives  the  position     11''  2'"  23».4,     24°  43'  15' 

15388 

8     11     2  24.6 

24  43    2 

4724 

11  10  46.2 

163  45  42 

21 

Assunie  egress  at   11  16  23   instead  of   11  16  28,  which 
gives  the  position     11''  10'"  43'.6,     73°  46'  28".    There 
is  little,  if  any,  proper  motion. 

1.5.532 

6i  11  10  43.2 

73  46  35 

]M4774 

M  4775 

4787 

11  20  13.7 
11  20  28.7 

11  21  51.5 

148     5  42 
148     6  14 

13C  57  27 

55 

79 

Interchanging  the  egresses  of  nos.  4774  and  4  775.  we  oli- 
tain  the  |)osilioiis  of  oi  and  o-,    Ceiitaiiri. 
111.  20'"  20-.3.          5s-  3'  57" 
1 1     20      22  . 1 .          58     7    5S 
Assume  egress  at     11  2.s  44     instead  of     11  24  44, 
which  gives  the  position     11''  23'"  54>.8,     46°  15'  24" — 
Cs  Centanri. 

15755 
15756 

15841 

51.  11  20  19.6 
5^  11  20  22.6 
.5i  11  23  54.3 

58  3  53 
58    8  is! 

46  15  .33 

4S07 

11  24  37.5 

127  36  52 

103 

Assunie  ingress  at     11  20  27     instead  of     11  20  17, 
which  gives  the  position     U''  24"'  42».5,     37°  34'  46' 

15870 

7^  ]1  24  44.0 

37  34  41 

4811 

11  25     5.3 

172  47  22 

9 

Assunie  Ingress  at     11  23  29     instead  of     11  24  2!), 
which  gives  tlie  position     11"  24'"  37%     82°  43'  20" 

15792 

8     11  24  17 

82  43    2 

4820 

11  26  11.2 

149  28    6 

51 

Assuming  ingress  at     11  21   11     instead  of     11  21  36,       15890 
we  obtain  the  position     11''  25'"  58' 3,     59°  31'  8'           ' 

7i  11  25  59.2 

59  31  16 

4834 

11  27  26.1 

150  14    7 

51 

Assume  ingress  at     11  22  16     instead  of     11  23  16,          :  15889 
which  gives  the  position     11''  25'"  57%0,     60°  6'  21" 

7J  11  25  58.1 

60    6  10 

A  4845 

11  28  41.5 

117  47  31 

129 

Assume  ingress  at     1127  39     instead  of     1127  34,            15972 
which  gives  the  position     11''  28'"  44»  0,     27°  48'  38" 

6^  11  28  43.3 

27  49    9 

A  4867 

11  31  32.6 

118  22    6 

123 

Assume  egress  at     1133  3     instead  of     1133  8,                 16043 
which  gives  the  position     11''  31'"  30M,     28°  21'  0" 

7     11  31  29.3 

28  21  46 

A  4894 

11  35  26.5 

119  37  59 

•123 

Assume  egress  at     1139  4     instead  of     1140  4,               116117 
which  gtves  the  position     U''  34"'  55-.9.     29°  51'   12" 

7J  11  34  54.5 

29  51  59 
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The  following  list  of  Double  Stars  includes  only  the  closer 
pairs  discovered  since  the  184-iuch  refractor  was  remounted 
on  the  new  sight  at  Northwestern  University,  Evanston, 
Illinois. 

In  the  month  of  November,  1887,  the  instruments  in 
Chicago  were  dismounted,  and  the  old  site  abandoned.  The 
ISA-inch  refractor  was  again  remounted  in  the  month  of 
August,  1889. 

The  new  observatory  building  is  the  gift  of  James  B. 
IIoBBS,  Esq.,  and  was  erected  at  a  cost  of  tweuty-five  thou- 
sand dollars  ;  it  is  a  first-class  sti'ucture  in  every  respect. 
The  equatorial  room  is  thirty-four  feet  in  diameter  in  the 
clear,  on  the  inside.  The  dome  is  of  iron,  with  a  continuous 
opening  four  feet  in  width,  extending  from  the  horizon  to 
two  feet  beyond  the  zenith.  The  shutter,  for  covering  the 
opening,  extends  over  the  whole  hemisphere,  somewhat  simi- 
lar to  that  of  the  Greenwich  dome  ;  being  pivoted  on  one 
side,  and  resting  on  a  track  on  the  opposite  side.  The  shut- 
ter may  be  opened  or  closed  in  less  than  ten  seconds,  requir- 
ing for  this  purpose  a  force  of  ten  i)ounds  aiiplicd  to  an 
endless  rope. 

The  moving  parts  of  the  dome  weigh  ten  tons  ;  it  may  be 
turned,  by  one  person,  through  a  complete  revolution  in  one 
minute.  The  direct  force,  applied  at  the  circumference  of 
the  dome,  necessary  to  revolve  it,  varies  between  fifteen 
and  thirty  pounds,  depending  on  the  temperature.  In  very 
cold  weather  the  friction  is  greater  than  in  warm  weather. 

In  the  new  observatory,  the  ease  with  which  the  shutter 
and  dome  may  be  manipulated,  greatly  increases  the  possi- 
bilities for  observation. 

The  few  months  that  I  have  used  the  telescoi)e  here,  have 
led  me  to  believe  tliat  the  atmospheric  conditions  will  be 
much  better  liere  than  in  Chicago,  especiallj'  in  the  clearness 
of  the  air.  Ouring  the  last  two  or  three  yi*.irs  in  Chicago, 
evi'rylhiiiL;  IkkI  u  yellowish  appearance,  undoubtedly  due  to 
the  smoke  of  the  city.  In  the  present  location  it  is  not 
probable  that  there  will  ever  be  any  trouble  of  that  kind. 


The  majority  of  the  double  stars  in  the  following  list  are 
diflicult  objects  ;  being  either  excessively  close,  or  else  very 
unequal  in  magnitude. 

The  list  contains  twenty-seven  pairs,  which  may  be  classi- 
fied as  follows :  Nine  pairs  have  a  distance  of  less  than 
0".5,  five  pairs  are  between  0".5  and  1",  and  thirteen  i)airs 
are  between  1"  and  3".  The  pairs  having  a  greater  distance 
than  1"  are  generally  very  unequal  in  magnitude. 

In  the  table  of  observations  the  sign  ±  indicates  an  esti- 
mation. 

The  powers  of  the  eye-pieces  used  are  as  follows  :  III,  390, 
V,  925. 

For  the  easy  identification  of  a  close  or  otherwise  difficult 
pair,  1  have  indicated  its  position  with  reference  to  a  neigh- 
boring star. 


Abbreviations  Used. 
Brux.  denotes  Anuales  de  l' Ohservatoire  Jioyal  de  BruxeUes, 

tome  V'l.     Catalogue  de  10792  Etoiles. 
W.  denotes  Weisse's  Bessel. 
DM.  denotes  Bonn  Duychmusterung. 
Sfhj.  denotes  .Schjellerup. 
Port,  denotes  Cincinnati  Observatory.     J.  G.  Porter. 

Catalogue  of  4050  Stars. 
Tacc.  denotes  Taccliini.     Catalogue  of  1001  Southern  Stars, 

Washburn  Observatory.  Vol.  III. 
^  denotes  S.  W.  Hurnham. 
Ho.  denotes  G.  W.  Hough. 

RIOIIT-ASCENS^ION    AM>    DECLINATION    KOK   1880.0. 


Brux.  294. 

K.A. 

Oh  ;{<)...  42..        iieci. 

—  17°  6'. 

1889.994 

190±          1.8± 

()-9 

III 

90.006 

191.0          2.00 

6-9 

111 

Thl»  Is  a  line,  ra.-sy  |>nir.     I  do  not  lliul  It.  lioweMT.  in  .luy  cat»- 
lo"ML'  I  hnvo. 


TllK     A  STUONOMIC  A  I.     J  O  11  U  N  A  1>  . 


N"  215. 


Wj  I,  1000. 

K.A.     l''44">32'.         Decl.  +24^4'. 

1889.854             N           0.5±  7-7             III 

90.046         180.8        0.3G  7-7.5          V 
A  close  pair.     7-mag.  star,  S.  30'  ami  followiiii;  .IS". 

11  Arietix. 

K.A.     2''  0'"  1".         Decl.  +25°  8'. 

1889.854         340±          1.5±  6.5-12         III 

90.071         328.8          1.03  6.5-12          V 

.077         331.5          1.15  6.5-12          V 


1890.07  330.1  1.09  6.5-12 

A  flifflcult  pair,  owing  to  the  closeness  and  inequality  of  the  com- 
ponents. 

W,  II,  537. 
H.A.     2>>  32'"  51'.         Decl.     —2^  ('.'. 
1889.950  N  1"±         8-8.2         III 

90.046         0.7         0.91  8-8.2         III 

A  tine,  easy  pair.     7-mag.  star,  N.  7'  ami  preceding  31». 

W,  II,  1177. 

K.A.     21'  .")0"'  l!l».         Decl.  -fl(>=  45'. 

1889.911           n.i).          2.5  ±  8-11         III 

.942         308.0         2.93  8.2-11          III 

90.052         307.2         2.74  8     -11         III 


DM. 

K.A.     4''   10"'  2\ 
1889.994  S 

90.115         172.5 
^120         180.4 
1890.12  176.4 

A  close  pair,     ■'-iiiag.  .-tar,  S. 


I9°689. 

Decl.  -f-lO"  22'. 

0.4±  7-7          III 

0.37  7-7          V 

0.36  7-7          V 

0.3G  7-7 
'  and  followiM"  40-. 


Ill 


1889.99 
An  easy  pair. 


307.9 


2.83 


^.1-  11 


DM.  16°376. 
K.A.     2"  52'"  W.         Decl.     -f  1G°  34'. 
1890.052         24.5         2.12         9     -9 
.077         22.3         1.93         9.3-9.3 


III 
III 


1890.06  23.4         2.02         9.2-9.2 

8-niag.,  double,  precedes  2"'  24%  and  10'  N. 

Wi  III,  235. 
K.A.     31'  14'"  4P.         Decl.     +0^  44'. 

1890.120         168.9         1.22         8-10.5  V 

.148         166.2         1.13         8-10.5         III 


1890.13           167.5         1.17  8-10.5 
7-mag.  star,  precedes  1'"  10*  and  same  decl. 

AV,  III,  777. 

K.A.     Sh  42'"  14'.         Decl.  +14"  36'. 

1890.017         330.1          0.49  8.2-8.5          V 

.077         342.5         0.49  8.2-8.5          V 

.123         340.9         0.45  8-8             V 


1890.07 


337.8 


0.48 


8.1-8.3 


A  close  pair ;  possibly  an  error  of  10°  reading  at  first  observation. 
8.5-niag.  star,  N.  5'  and  following  2(!'. 

DM.  28°627 

K.A.  41'  1'"  44«.         Decl.  +28'  20'. 

1890.006  N  0.4  ±  8-8  III 

.115  348±  .  8-8  V 

.120         345.7     ~"  8-8  V 

.123  345.1  0.30  8-8  V 

.148         348.8         0.29  8-8  V 

1890.13  346.5         0.29  8-8 

A  very  close  pair,  and  difficult.     42  Taiiri,  N.  20'  anu  preceding 


III 


SDM.  — 18M374. 
K.A.     t;i'  13"'  3".         Decl.     —18°  22'. 
1890.123       pree.       1.5±         8.2-10 
7-mag.  star,  S.  4'  and  preceding  40'  (arc). 

DM.  13°1329. 

K.A.     61'  2!)'"  17".         Decl.     +13°  48'. 

1890.109  133.0         1.37         7.5-12         III 

9-mag.  star  in  Held,     p  =  15.5°±,     s  =  60"±.     A  rather  difficult 

pair,  owing  to  the  closeness  and  inequality  of  the  components. 

Sclij.  2484. 
K.A.     61'  56'"  6.'.  Decl.     +13'   10'. 

1890.123  foil.  1"±  8-9  III 

A  flue,  easy  pair.     7-niag.  star,  S.  25'  and  following  1'"  2'. 

45  Geminoriim. 
K.A.     71'   1'"  'i'y.         Decl.     +16'  7'. 
1890.123         foil.         3"±  6-13         III 

Rather  diflicult,  owing  to  the  inequality  of  the  components. 

Port.  1221. 
K.A.     7I'  I)"'  38-.         Decl.     —20°  4'J'. 
1890.071         N.       1"±  9-9.2 

South  star  of  a  small  triangle. 

Brux.  3080. 
K.A.     7I'   17"'  27-.         Decl. 
1890.071  foil.  0.6  ± 

/3  199.     N.  1'  and  following  2'"  30". 

SDM.  —20^1893. 
K.A.     7I'   17'"  3U-.         Decl.     -20"  56'. 
1890.071  40±  l.o±  9.,") -9.5 

In  the  tiekl  witli  preceiling  pair. 

Tacc.  834. 
K.A.     181'  ly...  ij..         uecl.     —26°  14'. 
1889.711  140±  0.5±         8-8 

A  close  pair,     ^..''i-niag.  star,  N.  5'  preceding  2'".5. 

Tacc.  845. 

K.A.      l.si'  21'"  33-.  Decl.     —25°  7'. 

1889.720         foil.  2"± 

.772         99.0         1.62 
7-mag.  star,  S.  12'  and  following  24-. 

Port.  3050. 
K.A.     181'  29'"  32^         Decl. 
1889.753         s.f.  1"± 

8-inag.  star,  N.  8'  and  following  8-. 

W.,  XIX,  41. 
K.A.     19I'  3™  39'.         Decl. 
1889.736         foil.         0.4± 
The  following  star  of  a  group  of  three. 


-20°  58'. 
5-10 


111 


HI 


111 


i  -  I 
8-8 


-20°  25' 
-  10 


+19°  2 

8-8 


III 
III 


III 


III 


N»-  215. 
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W 

2  XX,  662. 

DM.  28''4446. 

U.A. 

1889.772 

.782 

20"   lO" 

80  ± 
63.4 

25«.         Dec 
1.5± 
1.62 

.     +29°  0'. 
8.2-8.2 
8.2-8.2 

III 
III 

R.A.     22"  40-"  3".         Decl. 
1889.791          120±         0.4  ± 
.793         112.9          0.3  ± 

+2r-  4.V. 
8-8 
8-8 

Ill 
V 

R.A. 

20''  19'" 

Anon. 
1.5-.         Dec 

.     —27°  1'. 

A  very  close  pair,  too  diltlcult  for  distance 
preceding  I"'  49". 

7-raag.  star,  S.  5'  and 

1889.720 
.791 

52.5 
56.6 

2.92 
2.26 

8     -8.2 
8.2-8.4 

III 
III 

Wo  XXII,  1040. 
R.A.     22''  4.5""  42*.         Decl. 
1889.807         160+         0.3  + 
A  very  close  pair.    9-niag.  star,  S.  C0'±. 

+25°  45'. 
6.5-6.5 

1889.75 
8-mag.  star.  N.  3' 

54.5         2.59 
and  precedins  41". 

8.1  -8.3 

V 

H 

W.,  XXII,  694. 
A.     22''  .31'"  56«.         +26°  49'. 

W.,  XXIII,  384. 

1889.821 

56  + 

2"± 

8-  10 

III 

R.A.     23"  20'"  4».         Decl. 

+27°  3'. 

.840 

53.5 

1.81 

8-10 

III 

1889.793         62.7         0.42 

8-8 

V 

.843 

55.5 

1.83 

8-  10 

III 

.909         59.7         0.46 

8-8 

V 

1889.84 

54.5 

1.82 

8-  10 

1889.85           61.2        0.44 

8-8 

Ho.  186i.sN.  15' 

and  precedes  55". 

A  close  pair.     In  DM.  T^.e.     8-mag.  star 

S.  60'±. 

DIFFERENCE   OF   DECLINATION   OF  i3  H.  CEPHEI  AND   BRADLEY ^Jo, 


In  the  Sidereal  Messenger  for  September,  1888,  I  have 
called  attention  to  the  advantages  for  the  determination  of 
the  vahie  of  a  revolution  of  a  micrometer-serew  which  are 
presented  by  a  properly  selected  pair  of  polar  stars,  and 
iiave  suggested  the  use  of  43  H  Cephei  and  Br.  95  for  tliis 
purpose.  Observations  of  these  stars,  made  since  the  date 
of  that  article,  have  served  to  confirm  the  opinion  then  ex- 


Bv  GEORGE  C.  COMSTOCK. 

pressed,  and  I  take  this  opportunity  of  publishing  the  results 
of  a  discussion  of  the  J5  of  these  stars  for  the  use  of  others 
who  may  wish  to  employ  them  for  a  similar  purpose. 

The  approximate  coordinates  of  the  stars  for  the  epoch 
1865.0,  derived  from  the  Pulkowa  catalogue  of  3542  stars, 
are : 


R.A. 


0  50  52.1, 
0  54     8.9 


43  if.  Cephei, 
Bradley  95, 

These  coordinates  have  furnished  the  basis  for  the  discus- 
sion of  the  difference  of  declination  of  the  stars.  The 
aiithoiities  available  for  this  discussion,  making  use  of  those 
only  wiiicii  contain  places  of  both  stars,  in  order  to  avoid 
as  far  as  possible  the  effect  of  systematic  errors  in  the  cata- 
logues, are  given  in  the  table  below.  For  the  data  from  the 
catalogues  of  PrAzzi  and  Henderson,  I  am  indebted  to  Pro- 

l\.  =  yid, 

with  wiiich  the  data  furnished  by  the  several  authorities  were 
r('ducc(l  to  the  epoch  1865.0.  Eudi  value  of  IS  thus  re- 
(hiccil  furnishes  an  equation  of  the  form 

X  +  (T— 1865).!/  =  71, 
and  the  solution  of  these  equations  furnishes  a  correction  to 
the  assumed  difference  of  declination  of  the  stars,  and  to  the 
assumed  coellicient  of  the  first  [lOwcr  of  the  tbue. 

The  designations  of  the  several  authorities  employed  seem 
to  ri'<iuire  no  furtiier  explanation  than  the 'statement  that 
Greenwich  1881-86  refers  to  the  amnial  vrtTiimes  for  these 
and  intermediate  years,  and  that  J/iirfi.sod  denotes  a  series 
of  observations  of  the  stars  made,  at   my  request,  by  Pro- 


Decl.  =  85  31   52,         ii  =  +0.0690,         m'  =  —0.005 
86  25  28,  +0.0592,  —0.016 

fessor  A.  IIai.i.  ;  these  catalogues  not  being  accessible  to 
me. 

By  means  of  Ori'oi.zEu's  precessions  and  the  data  of  the 
Pulkowa  catalogue,  the  proper  motions  being  transformed 
to  correspond  to  Oitoi.zkr's  precession-constants,  I  derive 
the  following  expression  for  the  difference  of  declination  of 
the  stars,  at  any  epoch,  T. 
0".076(r— 1865)— 0".00028(2'— 1865)'  — 0".00000075(2'— 1865)' 

fessor  HitowN  and  Mr.  Kobkrt  with  the  meridian-circle  of  tlic 
Washburn  Observatory.  In  this  series  of  observations  each 
star  was  observed  on  each  night,  and  the  results  therefore 
possess  the  advantages  of  differential  observations,  and  have 
received  large  weight  In  the  discussion.  The  weights  as- 
signed to  the  several  authorities  are  Itased  upon  the  nunilvr 
of  observations,  the  probable  (neeiilental)  error  of  n  single 
observation,  and  an  estimate  of  the  probable  amount  of  out- 
standing error  of  graduation  of  the  circle  eniploye<l.  Tliis 
last  element  has  very  much  reduced  the  weight  of  results  ob- 
tained with  circles  whose  division-errors  have  not  been  in- 
vestigated. 


IMO 
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Authority 

Anwers's  Bradley 

Fednrenko 

I'iazzi 

Oroiymhridije 

Schwi'rd 

Henderson 

Raddiffe  I 

Paris 

Carrington 

Raddi'lTc  II 

Bri'ssi'l.-i 

Pulkowa 

Oreenwich  1864 
"  1872 
"        '81 -'86 

Madison 


Date  of 
Observ'n 

1752.0 
1790.0 
1800.? 
1807. .5 
1827.7 
1X38.0 
1848.4 
1849.4 
1855.0 
18.-)7.4 
1804.1 
1805.6 
1866.2 
1874.2 
1884.7 
1888.7 


No.  of 
Obs. 

59-29 
2-  2 

5-  6 

7-  6 

2-  2 
10-10 
12-  7 

6-  1 

3-  4 

4-  5 

3-  4 

4-  4 
9-  3 
3-  4 

26-16 

8-  8 


Obs'd 

53  41.7 
40.6 
42.0 
40.2 
37.6 
38.4 
38.5 
35.8 
37.1 
37.4 
36.2 
36.5 
36.3 
34.6 
34.8 

53  33.8 


2.0 
0.0 
0.5 
0.5 
0.5 
2.5 
2.0 
0.5 
1.0 
2.0 
2.0 
7.0 
3.5 
3.0 
6.0 
8.0 


+  0.71 
+  0.18 
—1.78 
—0.46 
+ 1 .05 
—0.38 
-1.01 
+  1.08 
—0.27 
—  0.91 
—0.12 
+  0.18 
—0.17 
+  0.96 
—0.35 
+  0.29 


The  residuals  v,  given  above,  correspond  to  the  following 
least-square  solution  of  the  data,  in  which 
r— 1865 


~         100 
^5  =  3216".07    — 7".91  t   — 2".8U- 
±0".ll      ±0".:H 
Washburn  Observatory,  1890  Mardi  11. 


-0".75<'= 


This  solution,  which  I  adopt  as  tlie  di'linitive  value  of  /li, 
represents  tlie  ditl'erencc  of  the  mean  declinations  of  the 
stars,  and  requires  the  following  correction  to  reduce  it  to 
the  difference  of  the  apparent  declinations  : 

Corr.  —  — 0".()1 1  T  +  [8.906]  A  +  [8.210]  B 

+  [8.365]  C'+  [7.475] /> 

in  which  A,  B,  C,  D  are  the  Hesscliaii  stai-nimiliers. 

In  the  formula  for  the  difference  of  the  mean  declinations, 
the  variations  of  the  proper  motions  are  included  in  the  terms 
containing  tiie  higher  powers  of  the  time. 

A  detailed  statement  of  the  methods  of  observation  and 
reduction  which  I  have  found  most  advantageous  in  the  use 
of  these  stars  for  the  determination  of  the  value  of  a  revo- 
lution of  a  micrometer-screw,  may  be  found  in  the  forth- 
coming Vol.  VI  of  Pnhlicationsofthe  Washburn  Observatory. 

It  is  hardly  necessary  to  remark  that  43  //.  Cephei  is  an 
almanac  star,  and  that  its  coordinates  and  those  of  Br.  95 
for  anv  date  are  therefore  verv  easily  obtained. 


A   NEW  VARIABLE   OF   SHORT  PERIOD   IN   ANTLIA, 

By  H.  M.  P,\UL. 

[Commuuicatetl  by  the  Superinteudent  of  the  U.S.  Naval  Observatory.] 


I  wish  to  announce  the  discovery  of  a  new  variable  star  in 
the  constellation  Antlia,  whose  period  is  the  shortest  yet 
known.  It  is  certainly  as  short  as  ^.480  =  IP  31"",  with 
a  slight  possibility  that  it  may  be  as  short  as  0''.324  =  7*  46"". 

The  star  is  12  U.A.  Antliae  =  Lacaille  3892,  and  its 
position  for  1875.0  is 

a  r=  9"  26"  50".  1         8  =  —28°  4'  40" 

During  the  first  three  months  of  the  year  1888  I  had 
occasionally  compared  this  star  with  some  of  its  neighbors, 
especially  with  its  nearest  one,  7  V.A.  Antliae,  which  is 
of  a  reddish  color,  but  had  attributed  the  evident  discrepan- 
cies to  probable  variation  in  the  latter,  and  to  the  varying 
effects  of  haziness  and  great  zenith-distance.  A  more  care- 
ful examination  of  the  results,  however,  in  the  first  part  of 
Ai)ril,  seemed  to  indicate  that  12  U-A.  was  the  variable, 
and  that  its  changes  of  brightness  were  frequent,  and  after 
the  evening  of  1888  April  13,  when  it  appeared  unquestion- 
ably to  brighten  up  two  or  three-tenths  of  a  magnitude  in 
thirty  or  forty  minutes,  it  was  followed  on  every  possible 
occasion  till  about  the  first  of  June.  But,  as  the  star  was 
already  well  over  towards  the  SW.  horizon  before  twilight 
ended,  .even  in  April,  most  of  these  observations  were  of  a 
very  heterogeneous  character,  made  under  all  possible  con- 
ditions as  to  moonlight,  twilight,  haze  and  fog,  many  of 
them  close  to  the  horizon,  and  with  field-glasses,  comet- 
seeker,  and  9-iuch  equatorial,  with  the  added  difficulty  that 
the  reddish  neighbor  was  the  only  convenient  comparison- 
star  with  the  latter  instrument. 


Nevertheless,  with  the  help  of  the  scattered  single  com- 
parisons of  the  three  montlis  preceding,  1  was  able,  from  the 
whole,  to  show  that  the  period  must  be  at  least  as  short  as 
0''.48,  and  to  indicate  the  approximate  form  of  the  light- 
curve.  The  principal  point  of  uncertainty  was  as  to  the 
possibility  of  the  period  being  as  short  as  about  0''.324. 
These  results  I  announced  at  the  Cleveland  meeting  of  the 
A.A.A.S.  in  the  summer  of  1888,  but  refrained  from  pub- 
lishing them  at  the  time  ;  fully  expecting  to  clear  up  all  un- 
certainty about  the  period,  and  publish  a  much  more  com- 
plete investigation  from  the  observations  of  the  succeeding 
winter. 

Since  that  time  I  have  observed  the  star  regularly  through 
the  opposition  of  1888-9,  and  through  the  (iresent  winter  to 
date,  but,  on  account  of  pressure  of  other  duties  in  the  day- 
time, I  have  not  as  yet  had  time  to  reduce  either  of  these 
season's  observations  completely,  and  the  data  given  below 
depend  mostly  upon  the  first  season's  observations.  As 
many  of  these  were  of  such  a  doubtful  character,  I  should 
hardly  venture  to  offer  them  now  as  at  all  definitive,  had 
they  not  been  substantially  confirmed  by  a  rough  examina- 
tion of  the  results  of  the  two  succeeding  winters,  and  were  it 
not  still  doubtful  when  I  shall  get  the  time  rigorously  to  re- 
duce the  latter.  The  following  data  are  mostly  for  the 
benefit  of  those  who,  I  hope,  will  join  me  in  the  observation 
of  the  variable  next  winter,  or  possibly  during  April  and 
May  of  the  present  opposition. 

Light-Scale.    I  have  reduced  the  observations  of  the  second 
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season  wliieli  were  taken  for  the  purpose  of  forming  the  light- 
scale,  ami  likewise  re-reduced  those  of  the  first  season,  using 
only  the  observations  on  clear  moonless  nights ;  and  as  these 
results  will  not  be  further  changed,  except  by  a  revision  of 
the  light-scale  depending  upon  several  years'  observations, 
or  ujion  better  adopted  values  of  the  magnitudes  upon  which 


it  rests,  I  give  them  here  as  the  defiDitive  light-scale  for 
each  of  the  two  oppositions.  Each  depends  upon  the  com- 
parisons of  about  fourteen  or  fifteen  clear  moonless  nights, 
the  observations  being  made  with  opera  and  field-glasses, 
except  those  upon  the  two  or  three  brightest  stars  of  the 
scale,  which  were  checked  by  naked-eye  coinparisous. 


3  U.A.  Antliae 

£  PijxirUs 
17  U.A.  Antliae 
16  U.A.  Antliae 
G6  U.A.  Pyxidis 
52  U.A.  Pyxidifi 
25  U.A.  Antliae 

ofi  U  A.  Pyxidis 
7  U.A.  Antliae 
21  U.A.  Antliae 
57  U.A.  Pi/xidis 
Lacaille  3829 
Lacaille  3942 
Lacaille  3751 
Oe.Ar^'.  S.9784 


3 

24 

9 

24 

22 

4 

39 

31 

47 

31 

23 

21 

18 

3 

17 

39 

52 

8 

1 

25 

12 

36 

24 

7 

0 

20 

47 

32 

1 

10 

44 

9 

24 

37 

—26 


2.8 

2.6 

29  51.3 

31   37.0 

24  44.3 

28  14.8 
26   15.8 

29  37.7 

29     9.0 

28  13.0 

29  44.1 

28  26.1 

29  29.7 
29  14.4 
28  22.0 

-28     2.8 


5.7 

6.0 
6.2 
6.4 
6.5 
6.5 
6.7 

6.9 

7.0 

7.6 

7.5 
7.8 
7.7 


1887-8 


5.89 

6.03 
6.11 
6.32 
6.43 
6.54 
6.71 

7.02 

[7.11] 

7.14 

7.18 
7.38 
7.55 
7. 65 

7.78 


21.1 

19.7 
18.9 
16.8 
15.7 
14.6 
12.9 

9.8 
[8.9] 
8.6 
8.2 
6.2 
4.5 
3.5 
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9 
(w) 

f 
P 
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21.0 

19.4 
18.9 
17.5 
15.7 
14.6 
12.6 

10.2 
[8.8] 
9.1 
8.2 
6.0 
4.4 
3.2 
1.8 


5.90 

6.06 
6.11 
6.25 
6.43 
6.54 
6.74 

6.98 
[7.12] 
7.09 
7.18 
7.40 
7.56 
7.68 


The  range  of  light  of  the  variable  in  this  scale  is  between 
aliout  (L)  13  to  6,  or  (M)  6.7  to  7.4,  the  maxima  being  gen- 
erally a  little  brighter  than  the  star  e,  and  the  minima  a  little 
fiiiiiter  than  x.  Perhaps  a  word  will  not  be  out  of  place  as 
to  tiie  unusually  large  number  of  stars  in  the  light-scale, 
especially  at  its  brighter  end,  and  as  to  the  observing-letters 
assigned  to  the  stars. 

In  my  observations  on  suspected  variables,  my  attention 
was  drawn  to  this  immediate  region  by  the  remark  of  Dr. 
(ioi'M),  on  p.  298  of  the  Uranometria  Argentina,  as  to  the 
star  66  U.A.  Pyxidis,*  of  which  he  says  "the  magnitude 
has  apparently  fluctuated  more  than  once  between  6.1  and 
().7  during  the  course  of  our  observations."  This  is  the  star 
1'  in  the  al)ove  scale,  and,  during  the  three  seasons  of  my  ob- 
servations, I  have  not  seen  it  vary  appreciably  from  its  po- 
sition of  about  6.4  in  this  scale.  Two  others,  for  one  reason 
or  another,  were  also  suspected,  and  to  them  were  assigned 
the  letters  w  and  x  in  consequence.  Thus  far  all  three,  r,  w, 
and  X,  have  siiown  no  appreciable  variation,  and  they  are 
tjiven  in  the  above  scale,  though  I  liave  included  the  values 
of  w  in  brackets,  as  it  has  been  abandoned  entirely  the  last 
winter  as  a  comparison-star,  on  account  of  its  retlilish  color, 
liiit  it  was  used  more  th.an  any  other  the  first  winter,  and  to 


•  In  tlio  Rrrutii  n|)peiulcd  to  tlie  Uranometria  Arcientiiiit  It  is  prn- 
vidocl  thai  the  niiiiUTiitii)ii  of  llio  stars  nos.  uOloaGhe  (liniuiislieil  l)y 
Olio  ;  the  no.  t'.i  having  been  wilh(h'nwn  from  Lao.  3(JljO,  sliioo  iielllicr 
i-oinponeiit  attains  tlie  limit  7".0.  It  now  appears  ilosiriil)le  tlint 
Mie  MO.  49  lie  restored,  and  the  sut)seqvient  nmnliers  retained  ns 
piiiitcd.  I  bejr  tliorefore  tliat  tlie  erratiiiii,  referred  to,  lie  striclcpii 
out.  —  G. 


some  extent  during  the  second.  I  have  thought  it  necessary 
to  change  these  letters  for  others  near  the  head  of  the  alpha- 
bet. 

The  scale  was  intended  to  cover  the  range  of  all  these  sus- 
pects, and  it  originally  included  several  others  which  have 
been  dropped  either  as  unnecessary  or  as  probably  variable. 
I  would  here  mention  that  the  star  65  U.A.  Pyxidis  (6.9 
in  the  Uran.  Argent.)  has  apparently  fluctuated  two  or  three- 
tenths  of  a  magnitude,  at  least,  during  my  observations,  and 
is  now  generally  nearer  7". 2  than  6". 9.  Also  the  star 
5  U.A.  Antliae  ('".0  in  the  U.A.)  I  have  not  seen  brighter 
than  7''.5  during  these  three  winters,  and  it  apparently  varic* 
between  about  7". 6  and  7". 9  or  8''.0,  perha|is  in  a  short 
period. 

In  the  inidillc  of  the  above  scale,  over  the  part  covered  by 
this  variable,  the  iininlier  of  stars  is  none  tt>o  great  for  ob- 
servations in  this  latitude,  where  so  many  of  them  nni.st  be 
made  near  the  horizon,  as  a  consiilerable  number  of  stars 
must  be  used  for  safe  comparisons  iu  these  doubtful  situations. 

.\  word  as  to  the  method  of  forming  the  light-sealc.  The 
magnitudes  in  the  column  headed  il/„  are  those  lirst  adopted 
to  form  it.  They  rest 'mostly  npou  the  several  Cordoba 
catalogues,  those  of  the  brighter  ones  almost  entirely  ujKm 
the  U.A.,  though  some  other  more  or  less  reliable  catalogues 
were  consulted  in  assigning  these  ndoptod  values.  The 
various  estimates  of  the  star  ;>  seemed  to  iiulicate  that  it 
might  be  variable,  and  it  was  not  used.  Likewise  ic  was  uot 
used  in  the  formation  of  the  scale,  but  ite  li^ht-value  was  in- 
teri)olatcd  in  the  finished  scales  dire<-Uyf  runi  the  observations. 
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The  ineau  adopted  magnitude  of  the  seven  Rtars  in  the 
upper  lialf  of  the  scale  is  6.29,  that  of  the  six  used  in  lower 
half  is  7.12.  Ten  times  their  difference,  or  11.30,  was 
adopted  as  the  difference  between  the  means  of  the  light- 
values  of  the  same  two  groups  of  stars  for  tiie  standard 
light-scale,  and  the  difference  of  the  means  of  the  actually 
observed  values  for  each  season  was  multiplied  by  the  proper 
factor  to  reduce  it  to  this.  The  factor  for  1887-8  was 
1.164,  and  for  I888-'J  was  1.018,  showing  that  in  each  case 
my  actual  estimates  of  one  light-step  were  a  little  greater 
than  0.1  of  a  magnitude.  This  process  makes  the  value  of 
one  unit  of  the  above  light-scales  just  0.1  of  a  magnitude. 
A  constant  was  then  added  all  through  each,  so  that  the  zero 
of  each  would  correspond  to  magnitude  8.00.  Both  scales 
then  satisfy  the  two  conditious  JM  =  — 0.1  JL  and 
M  =  8.00—0.1  L. 

Unless  the  magnitude  of  some  of  these  thirteen  stars  shall 
appear  appreciably  to  change,  it  is  proposed  to  reduce  the 
scale  for  each  year  to  the  same  staudard,  and  the  scales  will 
then  be  exactly  intercomparable,  so  far  as  the  mean  magni- 
tude of  the  two  groups,  of  seven  and  six  stars,  can  be  con- 
sidered constant.  In  the  observations  of  the  variable,  it  is 
always  compared  with  a  brighter  and  a  fainter  star,  unless 
considered  equal  to  one,  and  in  reducing  the  observations 
the  light-value  is  interpolated  in  tlie  scale  pro|)ortional  to 
the  observed  steps. 

Light-Curve.  My  observations  of  the  first  season  were 
insuflicieut  for  showing  any  irregularities  in  the  light-curve, 
and  they  were  reduced  by  a  curve  symmetrical  on  each  side 
of  minimum.  This  appeared  to  be  of  a  smooth  undulatory 
character,  rising,  at  first  rapidly,  and  then  more  slowly 
towards  maximum,  the  duration  above  median  brightness 
apparently  about  twice  as  long  as  that  below.  Little  reliance 
can  be  placed  on  this  on  account  of  the  meagre  data.  The 
observations  of  the  two  succeeding  winters  seem  to  indicate 
that  there  is  i)erhaps  a  lagging  or  a  secondary  minimum  in 
the  rise  from  the  principal  one,  and  this  is  a  point  which  I 
shall  endeavor  to  determine  so  far  as  the  data  at  hand  will 
permit,  so  soon  as  I  can  find  time  to  reduce  the  observations 
of  these  two  seasons.  No  curve  at  any  rate  would  be  of 
sufficient  value  to  publish  till  these  observations  can  be 
worked  up. 

Period.     The  most  probable  epoch  and  period,  resulting 
from  the  discussion  of  the  first  season's  observations,   are 
given  in  the  following  formula,  the  time  being  Greenwich 
M.T.,  and  referring  to  the  minimum  of  the  light-curve. 
T„  =  1888  April  1.3". 4971  ±  0'^.0021 
+  (0*.479  376  ±  O^.OOO  049)  £; 
— (0*.000  009  11  ■±  0".000  000  59)  ^E- 

After  deducing  this  I  was  surprised  to  find,  upon  approxi- 
mate trial,  that  a  period  about  two-thirds  as  long  would 
apparently  satisfy  the  same  observations,  and  a  similar  dis- 
cussion and  least-square  solution  gave  the  following  result. 

Washington,  1890  Ma7-ch  28. 


T".  =  1888  April  I3'».53a0  ±  0''.0026 
-f  (01.323  869  ±  O^OOO  042)  E 
—  (0''.00O  002  .05  ±  O'l.OOO  000  30)  ^E- 

Comparing  them  with  each  other,  and  having  regard  to 
the  relative  lengths  of  the  periods  and  the  conse<inent  number 
occurring  in  the  same  length  of  time,  it  will  be  seen  that  tlu- 
probable  errors  are  slightly  in  favor  of  the  first  solution,  and 
the  observations,  when  plotted  according  to  each  formula,  look 
more  like  a  real  phenomenon  in  the  case  of  the  0''.48  period. 

The  observations  of  the  first  season,  therefore,  are  insuf- 
ficient to  decide  between  the  two  |)ossible  periods  0''.479 
and  0''.324  ;  the  difficulty  arising  from  the  near  commensura- 
bility  of  both  with  the  solar  day,  and  the  limitation  by  cir- 
cumstances to  comparisons  taken  in  or  near  the  meridian. 

As  to  the  observations  of  the  two  succeeding  winters,  I 
am  not  yet  entirely  sure  that  they  will  distiuguisih  between 
the  two.  The  star  is  above  the  horizon  of  Washington  only 
about  8j  hours,  and,  except  on  rare  occasions,  cannot  be 
well  observed  for  more  than  six  of  these.  But  during  the 
winter  of  1888-9  I  was  able,  on  at  least  three  nights,  to 
keep  up  the  comparisons  for  fully  6^  hours,  and  I  feel  pretty 
confident,  from  a  rough  inspection  of  them,  that  they  will 
show  the  period  of  ll*"  31""  to  be  at  least  many  times  more 
probable  than  that  of  7''  46"',  even  if  they  do  not  demon- 
strate the  latter  to  be  impossible.  It  may  l)e,  however,  that 
observations  next  winter  ou  other  meridians  will  be  necessary 
to  settle  this  definitely,  and  I  shall  hope  for  cooperation  at 
some  of  the  observatories  in  the  southern  hemisphere,  where  the 
star  can  be  followed  through  so  much  greater  an  hour-angle. 

As  to  the  acceleration-term  in  the  above  formulas,  while  it 
appears  to  be  necessary  to  represent  the  observations  for  the 
time  covered,  I  am  quite  sure  that  it  only  indicates  a  periodic 
term  which  the  observations  were  insuflicieut  to  determine. 
In  the  first  formula  it  would  shorten  the  period  in  one  year 
from  0''.479  to  about  0''.472.  But  a  rough  reduction  of  some 
of  the  best  observed  minima  of  the  two  succeeding  winters 
up  to  date  gives,  for  the  average  period  for  the  opposition 
of  1888-9,  0''.4802,  and  for  that  of  1889-90,  0''.4804  ;  and 
at  the  same  time  there  are  pretty  evident  indications  of  a 
periodic  variation  in  this,  which  can  only  be  determined  by 
a  rigorous  reduction.  Still  more  will  this  reduction  be  neces- 
sary in  order  to  settle  the  number  of  intervening  periods  be- 
tween oppositions,  and,  until  I  shall  have  been  able  to 
determine  something  of  the  character  of  the  periodic  terms 
of  the  formula,  it  will  be  impossible  to  say  whether  the  ob- 
servations already  accumulated  will  settle. this  number  of 
intervening  periods. 

Still  more  is  it  idle  at  present  to  speculate  as  to  whether, 
when  three  or  four  oppositions  shall  have  been  tied  together 
by  a  satisfactory  formula,  this  can  be  extended  back  for  a 
possible  confirmation  by  the  individual  observations  at  Cor- 
doba upon  which  the  magnitude  of  the  star  in  the  U.A.  (6.9) 
is  based.     This  must  await  future  investigation. 
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TWO  :nt]W  asteroids. 

A  tiiimll  planet.   IS*",  was  discovered  March  10  by  Chaulois  at  Nice,  in  the  pusitioii 

1890  Marcli  10. .3467  Gr.  M.T.  a  =  9"  41'"  20'.5,         «  =   +8°  .'i3'  18". 
A  later  observation  gave  for  its  position 

March  20.4238,  9"  36""  8'.5,          +9°  42'  23". 

Another,  also   13".  was  discovered  March  20,  by  Palisa,  at  Vienna,  in  the  position 

1890  March  20  Gr.  M.T.         «  =  12''  So™  6M,         8  =   +2°  7'  28". 
'  Daily  motion  =  — 1'"  40'  in  «,  and  10'  southward. 
These  are  Nos.   289  and  290.     Nos.  282  and  288  have  received  the  names  Ctorinda  and  Glauke,  respectively. 


COMET  a  1890. 

A  comet  was  discovered  by  Brooks,  March  19,  in  the  position 

1890  March  ig-"  16"  local  time,         «  =  21"  9'",         S  —   +0"  35'. 

Observations  were  obtained  at  Cambridge,  by  Mr.  Wenukli,,  as  follows  : 

1890  :Mareli  21,  21"  42'"  6' Gr.  M.T.         u  =  21"  9'"  34M3,         <<  =  +6°  25' 
24,   21     41    36  21  10     10.38,  +7     40 

It  was  about  as  Bnght  as  a  star  of  the  tenth  magnitude. 

Prof.   HoLDEN  telegraphs  a  position  observed  at  the  Lick  Observatory  by  Prof.   Bakn.i 
1890  March  24''.0248  Gr.  M.T.         a  =  21"  10" 


30".3. 
13.0. 


Kroni  these  Cambridge  and  Lick  observations.  Rev.  (Jeo. 
M.  Searle  iias  computed  the  following  elements,  and  an 
ephemeris  which  is  here  omitted  for  want  of  room.  The 
deviations  of  the  middle  place  are 

(O— C)  J/  cosp'  =  +6",  /p'  =  —1" 


0".9,         8  =   +7°  18'  1 
T  —  1890  June  3.43 

o)  =     74°     1') 
ft  =  320    46   \  M.  K 
1  =122       0   ^ 

<l  —   1.7830 


Gr.  M.T. 

q.  1890.0 


OX   PAUL'S   SliOKT-PERIOD 

91,  .26."  5o«;     —28° 
By  EUWIN  F 

At  the  Cleveland  meeting  of  the  American  Association 
for  the  Advancement  of  .Science  (1888),  Prof.  H.  M.  Paul, 
of  the  Washington  Observatory,  read  a  paper  announcing 
the  variability  of  this  star.  No.  12  of  Anllia,  in  Govld's 
Uratiometria  Argentina,  and  giving  the  results  of  an  iuvest- 
gation  of  its  period.  He  showed  that  the  period  was 
certainly  less  than  a  day.  aud  was  i)robably  either  about 
11"  30'",  or  7"  4')'",  other  hypotheses  being  excluded  by  the 
observation. 

I  have  had  tiie  star  under  observation  during  the  last 
seven  weeks,  and  am  pleased  to  say  that  the  variability  is 
(•onlirn)ed  in  the  most  unmistakable  manner.  The  range  of 
variation  is  about  0.6,  from  6". 6  to  7". 2.  The  light-curve 
formed  by  means  of  both  of  the  i)ossible  perioits,  above 
given,  assigned  by  Paul,  shows  a  distinct  departure  from 
the  normal  form  typical  of  the  ordinary  short-period  vari- 
:ililes,  (type  of  »;  Aqnilae'),  and  conforms  so  nearly  with  the 
form  of  light-curve  which  is  characteristic  of  the  ..4/;;o/-vari- 
aliles  that  I  have  little  hesitation  in  assigning  it  to  the 
liiller  class.      In  the  chart  formed  on  the  assumption  of   the 

Bi-iijhtoH.  MiiHx.,  1890  ytar.  3(l. 


VARIABLE    L\    AATLJA. 

4'. 7     (187.".. 0). 
.  S.VWVKK. 

longer  of  the  two  hyitotheses  as  to  the  period  (0''.48),  the 
'points  re|)resenting  the  individual  observations  are  widely 
scattered,  the  departures  in  many  cases  exceeding  the  prob- 
able errors.  In  the  similar  chart  representing  the  shorter 
period  (0''.324),  on  the  contrary,  the  points  fall  into  line  in  a 
completely  satisfactory  manner.  Indeed,  a  mere  inspection 
of  the  two  charts  gives  no  escape  from  the  conclusion,  not 
only  that  the  variable  is  one  of  the  ..4/</o/-type.  but  that  the 
period  0''.324  is  the  correct  one. 

While,  from  the  comparatively  small  number  of  observa- 
tions so  far  obtiiined,  we  cannot  infer  with  nuich  cerljunty 
the  ratio  of  the  time  occupied  by  the  light  changes  to  the 
duration  of  the  whole  period,  it  is  manifestly  as  much  as 
0.35,  and  may  be  as  grejrt  as  0.45,  or  possibly  0.50.  Thus 
this  star  distinctly  bears  out  the  law  of  relation  which  Mr. 
CiiAMU.Ei:  has  pointed  out  as  existing  between  the  duration 
of  oscillation  aud  the  period  in  stars  of  this  class,  (see  As(r. 
Jour.  \TI,  40)  ;  a  relation  which  has  been  further  couflriuctl 
by  my  variable  of  the  .l/;/(»/-type  in  (\iiii.i  Major,  since 
discovered. 
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J 800  Gr.  M.'l 

■     A  pp.  ,( 

API 

■  fi 

1<«  r 

\"-^  A 

Br. 

Apr.     4.0 

3  28     7 

+  22 

47.4 

0.3910 

0.4964 

0.15 

5..5 

30     4 

22 

54.5 

6.5 

32     1 

23 

1.6 

7.5 

33  58 

8.5 

8.5 

35  56 

15.4 

0.3911 

0.5032 

0.15 

9.5 

37  53 

22.2 

10.5 

3!)  51 

28.9 

11.5 

41   48 

35.6 

12.5 

43  46 

42.1 

0.3973 

0.5097 

0.14 

13.5 

45  44 

48.6 

Apr.   14.5 

3  47  41 

+  23 

55.0 

EPITEMERIS   OF   COMET  1889  7; 

(Continued  from  pajic  l.W,) 
Hy     WILLIAM     BELLAMY. 

1890  Gr.  M.T.     App.  « 


A  pp.  d 


ioar 


Apr.   15.5       3  49  39     +24     1.3 


16.5 


51   37 


Apr. 


17.0 

53  35 

13.6 

18.5 

55  33 

19.6 

19.5 

57  31 

25.5 

20.5 

3 

59  29 

31.4 

21.5 

4 

1   27 

37.1 

22.5 

3  25 

42.8 

23.5 

5  22 

48.4 

24.5 

4 

7  20 

+  24 

53.9 

7.5       0.4004       0.5160     0.13 


0.4036       0.5220     0.13 


0.4067       0.5278     0.12 


NoTK.  —  The  above  opliemeris,  like  tliose  iu  previous  numbers,  is 
based  on  Mr.  Ciiandi.kk's  elements  of  last  October  (p.  101).  Kecent 
observations  give  tlie  corrections, 

Jan.    9        +4      +0.8 

Feb.  15        +8       +1.0 

Mar.  18         +12       +1.1 
tlius  for  tlie  middle  of  April  about  +1C»  and  +1'.;?.  The  briglitness 
is  decreasing  now  very  slowly,  and   is  only  one-quarter  less  for 


April  than  for  March.  It  is  tlierefore  probable  tliat  the  larger  in- 
struments can  follow  the  comet  through  April,  and  possibly  into 
May.  It  was  observed  for  position  by  Wkxdkli,  March  18,  and  by 
Baknaud  March  20;  and  was  "  easily  seen  "  at  Princeton  March  18. 
If  observations  can  be  secured  this  month,  the  observed  patli  of  the 
comet  since  discovery  will  comprise  nearly  one-third  of  the  whole 
ellipse,  and  they  will  be  of  the  utmost  importance  in  establishing  the 
orbit  previous  to  its  passing  through  Jupiter's  system  iu  1886. — Ed. 


ELEMENTS   AND   EPHEMERIS   OF   COMET  a  1890  (BROOKS), 

By  W.  W.  CAMPBELL. 
From  observations  of  the  comet  made  at  Cambridge, 
March  21,  and  at  Ann  Arbor,  March  26  aud  3!,  I  liave  ob- 
tained the  following  elements  and  ephemeris.  They  are 
necessarily  subject  to  considerable  change,  since  the  ob- 
served path  was  short. 

For  the  greater  part  of   the  ephemeris  1  am  indebted  to 
Mr.  W.  J.  IIussEY. 


T  = 


0)   = 

SI  =:  320 
i  =  120 


log  q 
Residuals  (O— C),    cos/5'z/i 


1890  June  2''.4415  Gr. 

69°  55'.71 
34.07 
56.39 

0.27662 


M.T. 


Eq.  1890.0 


-0'.07,    zl§  =  — 0'.02. 


Kphemehis  for 

Greenwich 

Mean  M 

DNIGHT. 

1890 

A 

pp. 

i 

App. 

8 

logr 

log  A 

Br. 

April    5 

21 

11 

9 

+  13 

{', 

0.3061 

0.3792 

1.5 

7 

11 

3 

14 

9 

9 

10 

51 

15 

It 

0.3024 

0.3641 

1.6 

11 

10 

34 

16 

21 

13 
15 

10 
9 

10 
39 

17 
18 

31 
44 

0.2989 

0.3184 

1.7 

17 

9 

0 

19 

59 

0.2957 

0.3322 

1.9 

19 

8 

12 

21 

17 

21 

7 

15 

22 

37 

0.2926 

0.3158 

2.1 

23 

6 

6 

24 

1 

25 

4 

47 

25 

28 

0.2898 

0.2991 

2.3 

27 

3 

14 

26 

58 

29 

21 

1 

28 

28 

30 

0.2873 

0.2826 

2.5 

Mav      1 

20 

59 

27 

30 

5 

3 

20 

57 

10 

+  31 

46 

0.2849 

0.2C61 

2.7 

CORRIGENDUM. 


No.  210,  p.  142.  col.  1,  line  10  from  below,   the   sentence   should  not  be  interrupted, 
gin,  after  the  word  "minimum"  in  line  — 8. 


The  paragraph  should  end,  and  the  next  be- 
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SUPPLE3IENT  TO  FIRST  EDITIOIf  OF  THE  CATALOGUE  OF  VARIABLE  STARS, 

By  S.  C.  chandler. 


Since  the  publication  of  the  above  work  a  number  of  new 
variables  have  been  discovered  ;  the  variability  of  some  of 
the  susi)ected  cases  in  the  list  of  such  objects  appended 
to  that  catalogue  has  been  confirmed,  either  by  my  own  ob- 
servations or  those  of  others  ;  and  many  improvements  have 
been  made  in  the  elements,  some  of  which  I  have  already 
published  iu  various  places,  and  others  are  still  unprinted. 
The  time  is  hardly  ripe  for  a  new  edition,  as  there  are  many 
calculations  and  series  of  observations  in  progress,  the  re- 
sults of  which  it  is  extremely  desirable  should  be  incorpo- 
rated. Nevertheless,  a  partial  statement  of  corrections  and 
additions  to  date  will  perhaps  be  of  service,  as  well  for  the 
purpose  of  fixing  the  nomenclature,  as  for  providing  the 
means  by  which  the  various  ephemerides,  in  the  FierteZ- 
jahrsschrift,  the  Aunuaire  du  Bureau  des  Longitudes,  and 
the  Observatory  —  all  of  which  are  now  based  ou  this  cata- 
logue —  can  be  kept  abreast  of  our  knowledge  and  of  the 
needs  of  observers.  It  is  therefore  thought  fitting  to  pub- 
lish the  present  supplement,  which  is  arranged  in  three  tables 
on  the  following  pages. 

I.  List  of  New  Variables  supplementary  to  (he  Catalogue. 
The  form  of  this  list  is  in  every  respect  the  same  as  that  of 
the  Catalogue  (Vol.  VIII,  81-94),  to  the  preface  of  whicli, 
therefore,  reference  may  be  made  for  explanation  of  its  con- 
struction. 

II.  List  of  Additions  and  Corrections  to  the  Elements  of 
the  Catalogue.  This  comprises  the  results  of  such  new  com- 
putations as  have  been  completed  up  to  the  present  time. 
In  both  this  and  Table  I,  a  dagger  is  placed  in  the  column 
next  to  the  last,  when  the  investigation  is  not  original,  and 
the  projjcr  authoritj'  is  accredited  in  the  column  of  remarks. 

III.  List  of  Stars  probably  Variable,  but  awaiting  con- 
JirmatioH  before  assigning  Akgelandek's  letters.  This  is 
analogous  to  the  list  appended  to  the  original  Catalogue, 
but  in  a  different  form.  Four  stars  of  that  list  have  now 
been  sulliciently  confirmed  for  the  assignment  of  letters  and 
removal  to  the  Catalogue;  namely,  ."iti-l  1  Z  Librae,  o'.iOS 
YScorpii,  72;VJ  liS  Cygni,  and  74-16  U  Delj^iini ;  and  they 
will  be  found  in  Table  I.  Others  have  been  here  omitted, 
and  some  new  candidates  have  been  inserted.  It  is  earnest- 
ly hoped  that  observers  will   pay  especial  attention  to  the 


objects  in  this  list.  In  two  or  three  instances  my  observa- 
tions are  already  almost  sufficient  to  warrant  transfer  to  the 
Catalogue.  But  caution  in  this  regard  can  hardly  be  ex- 
cessive, and,  in  answer  to  any  criticism  that  may  easily  be 
made  with  respect  to  the  exclusion  of  particular  stars  from 
the  Catalogue,  I  can  only  repeat  in  justification,  what  was 
said  in  the  preface  to  the  first  edition,  that  it  should  be  a 
paramount  object  to  keep  our  knowledge  clear  of  coufusion, 
even  at  the  risk  of  an  incomplete  statement  of  it,  and  that 
the  omission  of  a  star  which  is  really  variable  is  not  so  in- 
jurious as  the  insertion  of  one  whicli  is  not  so. 

In  view  of  the  very  great  convenience  of  a  reference- 
number  in  such  a  list  as  this,  I  have  assigned  numbers  in 
the  first  column,  on  the  same  system  as  for  the  known  vari- 
ables (namely,  one  tenth  of  the  right-a.ire/ision,  expressed  in 
time-seconds,  for  the  equinox  1900.0),  but  have  inclosed 
them  in  parentheses  to  secure  the  necessary  distinction.  No 
confusion  is  likely  to  arise  from  the  use  of  the  same  method  of 
number-notation  as  for  the  Catalogue-stare.  If  in  any  case 
the  star's  variability  is  confirmed,  it  will  merely  be  necessarj* 
to  drop  the  parentheses.  Thus,  the  first  star  in  the  list  may, 
until  it  is  confirmed,  be  referred  to  as  (571)  Ceti ;  when  it 
is  verified  by  another  observer  and  takes  its  place  in  the 
Catalogue,  it  will  become  .">71  M'  Ceti,  or.  if  another  variable 
is  meanwhile  discovered  and  confirmed  in  the  constellation, 
then  371  X  Ceti. 

The  suggestion  of  (he  numeral  notation  in  question  having 
met  with  favor,  and  having  been  adopted  in  various  direc- 
tions, it  is  hoped  thai  this  extension  of  its  application  will 
not  be  considered  injurious  to  its  usefulucbS  ;  but  if  any 
serious  objection  should  be  made,  it  will  cheerfully  be  aban- 
doned, and  any  evident  improvement  which  may  be  proposed 
will  be  adopteil  in  its  place. 

While  on  this  subject  il  is  appropriate  to  say.  to  avoid 
misconstruction,  that  in  the  pro|K>sal  of  this  numemtivc 
system  it  was  never  intended  that  the  number  should  be  a 
pari  of  the  name  of  the  variable.  Aiu:kl.\m>ek's  letter 
serves  that  purpose  completely.  But  the  permanent  refer- 
ence-number  has  an  iiulependent  function,  a  supplement^iry 
advantage,  and  may  be  used  in  conjunction  with  the  name 
or  not,  according  to  the  conveuieuce  of  the  case. 


186 


T  H  K     A  S  r  U  O  N  ()  M  1  C  A  L     .1  ()  V  \i  N  A  L 


I.     List  ok  Nkw  N'auiaules,  sl'im'lkmkntahv  to  tiik  Catalogue 


No. 

Sch. 

Star 

R.A. 

jo.O 

Uecl. 

Annual  Variation 

Discoverer 

Date 

Ued- 
ness 

Magnitude 
Max.               Min. 

1635 

R  Reliculi 

4  32     3 

—63   19.8 

+0.'61 

+  0.13 

Ragoontlia  Cliary 

1867 

7 

<13 

3407 

S    Aiitiiiie 

9  25  57    — 27  59.4 

2.63 

+  0.26 

Paul 

1888 

(0) 

6.7 

7.3 

3409 

N  Vclorimi 

9   26  49    —56  23.8 

1.82 

—0.26 

Gould 

1871 

(2) 

3.4 

4.4 

4940 

W  HviliaL' 

13  40  51     —27  38.5 

3.37 

0.30 

.Sawver 

1888 

(7) 

/ 

'( 

5644 

Z  Libriie 

15  38     5    —20  40.1 

3.48 

0.19 

Peters 

1879 

11 

<13 

5704 

RR  Librae 

15  48     4    —17  52.6 

3.44 

0.18 

Peters 

1885 

(3) 

8.4 

14 

5761 

Z  Scoiuii 

15  57  29    —21   20.1 

3.52 

0.17    Peters 

1883 

9 

12? 

5903  1 

Y  Scorpii 

16  21    12    —19     7.1 

3.49 

0.14 

Peters 

1876 

10? 

14 

6404 

Y  Ophiiiolii 

17  41  52    —  6     6.2 

3.21 

—0.02 

Sawver 

1888 

6.2 

7.0 

6923 

Z  SagilUuii 

19   11      7    —21    11.2 

3.56 

+  0.10 

Peters 

1888 

(-') 

8.5 

<12 

7259 

RS  Cyg.ii 

20     8     7 

+  38   17.4 

2.18 

0.18 

Espiii 

1887 

(7) 

6.5? 

9.0< 

7446 

U  I.)el|>liini 

20  38  50 

+17  34.0 

2.75 

0.21 

D' Arrest 

1874 

(7) 

6.4 

7.3 

7733 

1'  Capiicoini 

21  26  27 

—14  36.9 

+3.29 

+  0.26 

Peters 

1884 

10? 

14? 

IL     List  ok  Additions  and  Courections  to  the  Elements  of  thk  Catalogue  in  Nos.   179,  180. 


320 
466 
2100 
2610 
3495 
3825 

3994 
4521 
4557 
480i 
5037 

5484 
5501 
5583 
5593 
5617 

5677 
5776 
6044 
6088 
6472 

6512 
6758 
7120 
7220 
7252 

7437 
7488 
7560 
7571 
7577 

7907 
8153 
8597 


U  Cephei 
U  Piscium 
U  Oriouis 
R  Canis  Maj. 
I  Carinae 
R  Ursae  Maj. 

S  Leonis 
R  Virginis 
S  Ursae  Maj. 
W  Virginis 
RR  Virgiuis 

U  Coronae 
S  Serpentis 
X  Librae 
W  Librae 
U  Librae 

R  Serpentis 
X  Scorpii 
S  Herculis 

V  Herculis 
W  Sagittarii 

T  Herculis 
(3  Lvrae 

X  t;ygui 

S  Cygni 

W  Capricorui 

X  Cvgni 

V  Cygni 

R  Vulpeculae 

V  Capricorni 
X  Capricorui 

U  Aquarii 
R  Laeertae 
VCeti 


Greeuwicli  Mean  Time 
Mill.  Max. 


80  June  23 
79  Oct.  12 


7  54.65 


87  Mar.  26  15  18 
71July  12 
62  Dec.  21.2 

09  Mar.  24.3 
60  Feb.  24.5 

69  Apr.  17.478 

70  Mar.  25   10  38.5 


80  Jan. 
85  Dee. 


10 


71  Aug.    1 
53  Apr.     7.2 

60  Dec.     1.0 

09  June    0.8 

60  June  11.0 

j  09  Apr.  25.67 

1  79  May  13 


56  Mar.  27 


28  Apr.  19.0 
78  Aug.    6 
78  Mav  27 
73  MaV  2& 

27  Mav     7.0 
76  Apr.  19 
56  Aug.  30.0 


66  Sept.    1.45 

67  Dec.  22.3 

55  Jan.     6  14  28. 
i7fi2  Dec.  14.0 


86  Oct.    3  13  20 
86  Dec.    .9  11    14.5 
65  Jfllv  14.3 


66  Sept  4.45 
68  Mar.     9.3 

KciJune  3.5 
65  July  9.0 
72  June  27 

86  Oct.  10  10  56.3 

65  Sept.  18.5 

67  Aug.  12 
67  Aug.     9 

75  Aug.  4 
56  Oct.  23 
79  Sept.  29 


rerioil,  etc. 


+     2   11   49  40.70  E 

+  173(?)E 

+  371        E 

+      1     3   15  46  E 

+   31         E 

+  302.1     E 

+  190.0    E 
+  145.47  E 
+  226.5    E 
+    17.26987  E 
+  217        E 


+     3  10  51 

+  364.8  E 

+  295  E 

+  206  E 

+  230  E 

+  357.6  E 

+  199  E 

+  309.2  E 


12.4    E 


+  0'.00327  E^  Algol-type 

Atijol-iyi^e 

+  15"  sin  (10°  E+ 190°) 
+  25"  sin  (10°  E+ 60°) 

i  +2<lrl  sill  (V/.i  E+21li'l 
i  +  <Sdsiii  il.-Af;+:»;«i 

+  40"  sin(5='  E  +  205°) 
Yendell's  elements 


— 0\0018  E-.  Algol-type 
+  50"  sill (6°  E  +  5°) 
Peters's  elements 


+  48"  siu  (fi2E  +  8°) 


i+55<lsin(r».5E+lin») 
+18d  sin  (15M1  E-Hil*) 
My  verv  uuiiierous  observatic 


+      7.59460  E 


+  164.75  E 

12  21  46  58.3 


Periodic  irregularities  in  per'd 


.  +6".5  sin(7°.5E+52°.5) 

,       £  4-0. -til's  E2  — (i.nOiN'rs  E2.  Reed's  clement*. 
T      (     Secoiidurv  niiiiiinuiu  about  iiiidwty. 

+  406.02  E  +0.0075  E'     +25"  sin  (5°  E  +  272°) 
+  322.2    E 
+  209        E 


+16     9  36  51  E 
+     1   11  57  18  E 
+  136.93  E 
+  157.3    E 
+  218        E 

+  258(?)E 
+  300.6  E 
+  256        E 


I  Yendell's  elemenls.  Bright  and  fninl  max- 
f  ima  and  niiiiiiiia.  but  not  rei?ularly  altern'g 
i  AJgol-type.  Lai^e  periodical  auuinalied  in 
f     period. 

+  22"  sin  (4°.8E+72'') 


■)■  1  Deichmiiller's  elements 


N"  216. 
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IN  Nos.  179,  180  OF 

FHE  Astronomical  Journal. 

Greenwich 
Min. 

Mean  Time 

Max. 

Period,  etc. 

liemarks 

1900.0 
R.A.           Decl. 

No. 

d        h        III 

d       h       in       s 

64  Feb.  1 

d      h        III         • 

+  281        E 

+     0  7  46  48.0  E 

4.25? 
+  370(?)E 
+  295        E 

+  277.0    E 
+  365        E 
+  359        E 
+    17.14  E                    t 

.^ZjroZ-type 

Sawyer's  estimated  period 

Sawyer's  elemeuts 
Period  perhaps  406* 

4  32.5 

9  27.9 

9  28.2 

13  43.4 

15  40.7 

15  50.6 

16  0.1 

16  23.8 

17  47.3 

19  13.8 

20  9.8 
2a  40.9 

21  28.9 

—63  14 

—28  11 
—56  36 
—27  52 
—20  49 

—18     1 
—21   28 
—19  13 
-6     7 
—21     6 

+38  25 
+  17  41 
—14  25 

1635  1 

88  Apr    i;'>   12  55.4 

3407 

3409 

89  March 
78  May    4 

85  June  1 7 
73  Juue    4 
76  Juue  26 
82  Sept.  3.70 

4940 
5644 

5704 
5761 
5903 
6404  i 
6923  , 

7259 
7446 
7733 

82  Aug.  26.85 

85  Sept.   5 

+  206(?)E 

III.     List  of  Stars  Probably  Variable,  but  Awaiting  Confirmation  before  Assigning  Argelander's  Letters. 


(  571) 

(1367) 

(1745) 
(1772) 
(1805) 
(1948) 

(2258) 

(2305) 
(2741) 

(2788) 
(2903) 

(361  r> 
(3908) 

(4495) 

(5076) 
(5402) 
(5626) 

(5952) 

(6470) 
(6546) 
(6943) 

(7010) 

(7302) 
(8528) 

(8594) 

(8617) 


— Ceti 

— Tauri 

— Eridani 

— Eridaui 

— Oriouis 

P\310riouis 

— Aurigae 

—  Lynois 
— Puppis 

— Puppis 
— Caucri 

— Veloruui 
— Cariuae 

[i  Corvi 

— liootis 

— Triaug.  austr. 

— Librae 

F.33Herculis 

— Opiiiuc'lii 
— Sagittarii 
— Sagittae 

— Sagittae 

— Capric'orni 
F.19Pisciuui 

— Cophei 

— Cassiopeae 


1  33     0 

—  7  21.6 

3  45  26 

+   7  20.6 

4  48  48 

—  16  39.3 

4  53  11 

—  12  45.1 

4  58  25 

+   3  54.1 

5  22  22 

—  1    11.7 

6  12  54 

+  47  43.5 

6  20  14 

+  58  50.6 

7  35   16 

—31   19.6 

7  43  11 

—40   17.5 

8     1   16 

+  19  50.0 

0     0  42 

—51    29.0 

0  49  30 

—59  44.8 

12  26  47 


14  3 

14  56 

15  35 


16  29  50 


17  56 

18  8 

19  15 


19  26  15 


20  14 
23  39 


23  49 
23  63 


—22  35.7 

+  20  30.1 
—68  9.4 
—  10  27.7 

+  7  23.3 

+  2  30.5 
—34  9.1 
+  17  23.1 

+  17  26.0 

—16  28.2 
+  2  40.8 

+  82  23.0 

+59  33.1 


Safarik  thinks  variable,  8.4  to  9.2;  period  probably  longer  than 

four  niontlis. 
GoiiUl  thinks  certainly  variable,  G.8  to  8.0.  My  observations  favor, 

t)iit  not  yet  decisive. 
Gould's  It  Eridani.    Sawyer's  observations  so  far  show  no  change. 
Gould's  S  Eridani.  Sawyer's  observations  so  far  siiow  no  change. 
Boss  tliinks  variable,  9  to  1  !..">,  on  strong  evidence. 
Gould  says  appears  variable,  -t^  to  G.     Gore  thinks  his  observa- 
tions confirm. 
Gspin  suggests  variability.     My  observations  favor,  but  not  yet 

decisive. 
Kreut/.  snspects  variability.     My  observations  favor. 
Gould's  li  Puppis.      Neither  Sawyer's  observations  nor  mine  yet 

confirm  it. 
GouUl's  T  Puppis. 
I'eters's  IC  Cancri.  Neither  I'arkhurst's  observations  nor  mine  yet 

contlrni  it. 
Gould's  P  Velorum. 
Gould's   T  Cnrinae.     Upton's  oliservations  favor,  bnt  limits  are 

very  slight,  and  further  contlrnuition  desiral)le. 
Sawyer's  observations  seem  to  show  cleiirly  llu-  variability,  but 

further  confirmation  desirable.  i 

I'ogson  finds  variable,  8.7  to  li. 

Gould's  T  Triaug.  auslr.  Limits  only  7.0  to  7.4  :  period  abontonc  day 
Weisse  thinks  variable.  7.0  to  8.8;  period  about  four  months.  My 

observations  favor  strongly. 
I  think  vnrialile,  7.0  to  7.8;  period  about  three  weeks.     ■\"endcirs 

oliservations  favor. 
Safarik  thinks  variable,  8.2  to  8.8;  period  SS-".'. 
Gould  thinks  variable,  (i.2  to  7.4. 
Espin  suggests  variability.     My  ob.ser\-ations  favor,  but  do  .not 

certainly  confirm. 
1    think   observation   will   ultimately  establish  variability.     See 

A../.  \'1II,  'X\.  and  Science  Olisrrrer.  IV,  Nos.  4»-»4. 
I'ogson  finds  variable.  10.4  to  <r.'. 
GonUI  suspects  variability.  Kspin's  and  Gorv's observations  favor  ; 

mine  do  not,  allowing  for  subjective  effects  of  strong  red  color. 
I  think  variable,  r,.4  to  7.1:  period  long  or  Irregular.     YendcU's 

observations  favor. 
SecchI  suspected  variability,  and  ray  obser>'atlons  tudepcndently 
suggested  It,  but  later  I  Inclined  to'  doubt. 
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Tlic  obseivatiou  of  tliis  star  was  resumed  1S89  April  25. 
iiiul  kept  til)  as  coiitimiously  as  possible  until  1890  Jan.  24, 
when  the  star  became  too  low  at  ilark  for  useful  ol)servation. 
In  all,  148  observations  were  secured,  from  which  the  fol- 
lowiufi  maxima  and  minima  have  been  dediucd  liy  the  usual 
niethoil  with  liie  single  light-curve. 

The  residuals  in  the  column  O — C  are  derived  from  com- 
parison willi  the  elements  published  in  this  Journal,  Vol. 
VIII,  p.  177,  and  correspond  witli  the  column  ,,  ,.  i"  t'le 
table  there  given. 


OX  THE   VARIABLE   STAU   X  CYGNI, 

By  PAUL  S.  YENnKM,. 

From  the  residuals  () — C  in  the  tirst  table  of  maxima 
given  ab(jve,  used  in  connection  with  those  given  in  the 
paper  already  referred  to,  we  lind,  by  the  application  of  the 
method  of  least-squares,  the  following  corrections  : 

To  the 


V. 

M 

\.\I.MA 

d 

w 

Minima 

0— C 

a 

xn 

.58 

'89  May 

17.8 

—  1.0 

.")!) 

June 

8.9 

—0.2 

'89  May    26.2 

—2.0 

1 

60 

20.0 

—0.5 

61 

•Inly 

a.  9 

-1.0 

June   30.3 

+  0.3 

1 

62 

21.8 

—  1.5 

July     14.7 

—  1.7 

1 

63 

Aug. 

7.8 

—  0.9 

31.4 

—  1.4 

1 

64 

24.5 

—0.6 

Aug.    17.4 

—0.8 

1 

6.) 

Sept.     2.0 

—  1.6 

i 

66 

Sept 

27..". 

+  0.G 

21.5 

+  1.5 

1 

67 

Oct. 

12.8 

+  0.5 

Oct.       4.5 

—2.0 

1 

68 

21.2 

—1.6 

1 

61) 

Nov. 

14.2 

—0.9 

Nov.      7.1 

—1.1 

1 

70 

30.3 

—0.8 

23.6 

—  1.0 

1 

71 

Dec. 

18.0 

-fO.I 

Dec.    11.4 

+  0.4 

1 

72 

'90  Jan. 

2.0 

—1.3 

24.4 

—3.0 

4 

7:5 

19.2 

—0.5 

'90  Jan.    13.7 

+  0.9 

By  the  use  of  a  mean  light-curve  made  from  all  the  obser- 
vations, the  following  maxima  and  minima  have  been  de- 
duced, in  those  cases  where  the  usual  method  was  unavail- 
able, on  account  of  breaks  in  the  series  caused  by  uufavor- 
able  weather  ;  but  no  weight  is  assigned  them,  and  they  have 
not  been  employed  in  the  discussion  of  the  observations 
from  which  the  results  given  below  are  drawn,  as,  from  the 
character  of  the  star's  variations,  any  mean  light-curve  must 
be,  as  stated  in  the  paper  in  Vol.  VIII  before  referred  to,  of 
very  questionable  value. 

Maxima  Minima 

57     1889  May  1.16  60     1889  June  12.3 

65  Sep't.  8.7  65  Sept.    2.1 

Mr.  J.  E.  Gore,  of  Beltra,  Ballisodare,  Ireland,  has  very 
kindly  sent  me  in  manuscript,  a  series  of  observations,  32  in 
tmiriber,  extending  from  1889  Sept.  4  to  1890  Jan.  13  ;  from 
w'lich  I  have  deduced,  by  the  single  light-curve  method,  the 
following  times  of  maxima  and  minima. 

Minima 


1889  Oct.  23.3 


Maxima 

E 

65 

1889  Sept.    8.8 

67 

Oct.     12.8 

68 

29.8 

69 

Nov.    16.5 

70 

71 

Dec.    18.0 

epoch, 
period. 


+  0.    417 
—0.0131 


0.18 
0.005 


The  probalile  eiroiof  a  single  determination  of  maximum, 
of  weight  unity,  is    ±0''.21. 

From  the  residuals  in  the  column  O — C  in  the  correspond- 
ing tables  of  minima,  are  deduced,  by  the  same  process,  the 
following  corrections : 


r< 


+  0.329  ±  0.368 
—0.017  ±  0  007 


the  epoch 
"        peri<«l 

The  probable  error  of  a  single  determination  of  niininunn, 
of  weight  unity,  is  ±0''.838. 

The  fact,  that  the  correction  to  the  epoch  of  niininunn  is 
exceeded  by  its  piobable  error,  goes  to  indicate  that  this 
correction  is  not  a  real  one  ;  a  sensible  coricction  to  the 
period,  however,  is  shown. 

The  interesting  question  of  the  jieriodical  character  of  the 
irregularity  of  the  star's  period  still  remains  unsettled  ;  the 
residuals  of  both  observed  maxima  and  minima,  though  ma- 
terially reduced  by  the  application  of  the  above  corrections 
to  the  elements,  still  give  a  suggestion  of  such  a  fluctuation  ; 
but  at  least  one  or  two  years'  further  observations  are  neces- 
sary in  order  to  make  any  approach  to  a  decision. 

The  characteristic  peculiarities  of  the  light-curve,  noted  iu 
the  last  year's  paper,  are  fully  confirmed  by  the  last  season's 
observations  ;  in  addition,  a  step  in  the  rising  curve,  about 
half-way  from  the  minimum  to  the  maximum,  is  strongly 
indicated  in  many  of  the  epochs  ;  in  one  or  two  of  them  it 
shows  quite  the  character  of  a  subsidiary  maximum. 

The  fluctuation  in  the  range  of  the  light-curve  has  been 
carefully  watched,  and  the  light-values  at  maximum  and 
minimum,  on  the  same  scale  as  those  published  in  Vol.  VIII, 
page  178.  are  given  in  the  subjoined  table,  which  is  a  con- 
tinuation of  the  former. 


Nov.  25.5 
Dec.  11.4 


Maxima 

Minima 

Maxima 

Minim 

E 

L 

L 

E 

L 

L 

58 

12.0 

66 

12.0 

7.7 

59 

14.0 

6.7 

67 

12.0 

6.0 

60 

13.0 

68 

5.7 

61 

14.5 

5.7 

69 

11.0 

5.3 

62 

13.0 

8.0 

70 

11.5 

3.5 

63 

14.0 

7.7 

71 

12.0 

4.5 

64 

13.5 

7.5 

7-2 

11.5 

4.5 

65 

7.5 

73 

n.5 

5.5 

At  the  beginning  of  the  season's  observations,  a  strong 
suspicion  was  entertained  that  this  fluctuation  was  in  great 
part  due  to  atmospheric  absorption,  as  the  star  was  observed 
at  changing  altitudes  through   the   season ;  this,    however. 
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seems  to  be  definitely  disposed  of  by  the  fact  that  the  high- 
est observed  maximmn  light  was  noted  at  a  time  when  the 
star,  at  the  time  of  observation,  was  still  rather  low  in  the 
northeast ;  while  the  lowest  observed  lights  at  both  nuixinunn  I 
and  minimum  phases  were  observed  when  the  star  was  high 
overhead,  or  bnt  comparatively  little  past  the  zenith  ;  the 
phenomenon,  therefore,  appears  to  be  a  real  one. 

The  periodic  character  of  this  flnetuation  I  do  not  regard 

Dorchester,  Mass..  1890  Marvh  2. 


as  distinctly  shown  :  but  on  the  other  band,  the  very  inter- 
esting fact  is  apparent,  that,  generally  speaking,  the  .star's 
whole  light-curve  may  be  said  to  move  up  and  down  by  some 
3i-  steps,  or  about  0.4  of  a  magnitude  ;  a  bright  maximum  cor- 
responding to  a  bright  niiuimuni.  and  vice  versa.  The  sus- 
picion of  a  connection  between  this  irregularity  and  that  in 
the  length  of  the  period,  has  not  been  borne  out  by  the  ob- 
servations. 


OBSERYATIOXS   OF   S  ANTLIAE, 


By  E.  F. 

The  following  table,  containing  the  observations  of  this 
star  in  detail  was  omitted  from  the  article  in  the  last  num- 
ber of  the  Journal,  for  want  of  space. 

The  brightness  is  expressed  in  the  light-scale  indicated  in 
the  last  c<jlunin  of  the  table  of  comparison-stars  below  : 


1890 

L 

Feb.   13.448 

9.0 

15.525 

9.0 

16.424 

9.0 

.448 

9.0 

20.437 

7.0 

.451 

4.0 

.465 

3.0 

21.413 

5.0 

.448 

3.0 

.465 

3.0 

.476 

3.0 

22.410 

3.0 

18U0 


I. 


1890 


L 


Feb. 


Mar. 


22.448 

3.0 

.483 

7.0 

9.358 

2.0 

.384 

4.0 

.417 

7.0 

.437 

8.0 

12.431 

9.0 

16.437 

5.0 

17.305 

8.5 

.333 

9.0 

.375 

7.0 

17.424 

4.0 

Mar. 


17.437 

4.0 

18.308 

8.0 

.344 

7.5 

.375 

7.0 

.392 

4.0 

.403 

2.5 

.417 

2.5 

.428 

3.0 

.448 

3.5 

.458 

4.0 

.465 

6.5 

18.479 

7.5 

S.WVVEH. 

Xauie 

1875.0 

V.\. 

s 

1, 

h 

ni       s 

Q 

$                  tg 

M 

66  U.A.  Pyxi'lU 

9  21 

18      — 

28   14.8      6.5 

6.5 

3.0 

7  U.A.  An 

tliae 

25 

12 

28  13.0      7.0 

7.0 

5.0 

5  U.A.  An 

tliae 

24 

29 

27  41 

7      7.0 

7.5 

0.0 

Mean  Time. 

1890 

L 

1890^ 

\j 

1890 

L 

Mar.  19!'417 

5.0 

Mar. 

24.322 

7.0 

Mar. 

30.400 

6.5 

21.333 

3.5 

.334 

7.5 

.403 

6.0 

21.344 

3.0 

.364 

8.0 

.420 

4.5 

.364 

3.0 

.396 

8.5 

.448 

3.0 

.382 

5.0 

26.426 

8.0 

Apr. 

5.321 

6.0 

.399 

7.0 

.448 

7.5 

.347 

8.0 

.420 

8.5 

.462 

7.0 

.372 

9.0 

.431 

9.0 

27.351 

8.0 

.448 

9.0 

23.417 

9.0 

.480 

5.0 

6.400 

9.0 

.448 

9.0 

30.323 

8.5 

7.322 

9.0 

.489 

9.0 

.363 

8.0 

7.448 

7.0 

24.312 

6.5 

30.383 

7.5 

FILAR-MICKOMETEK   OBSERVATION'S   OF   COMET  a  1800  (BJiOOKS,  JAncA  lU), 


1890  .Mt.  Hamillon  M.T, 


Mar.  23    16  29   10 

26     16  28     0 


MADE    WITH   TIIK    12-INCII   EQIJATOKIAI.   Ol'  THK    I.ICK    OB.SEUVATOItV, 
By  K.   E.   BAIiN'.VKI). 

o/ —  :4c  !>/'s  appaieiit 

Ja         I  j8  a  S 


No. 
Coiiip. 


16,6 
12.6 


+  0  27.27 
—  1   24.70 


-1-4   12.4 
-1-2  32. H 


21    10     0.88      -1-7   18     0.8 
21    10  31.22     -1-8  35   13.2 


I'-^'/'A 


ii9.64*i     0.695 
»9.636     0.686 


Mean    Places  for  JS.QO.O  ftf  Cotnporison-f^ttin 


Hed.  to 
"  npp.  place 

2l'     9"'3l'.83  —1.22 

21    11   57.06  —1.1  I 


o  K.h1.  to 

"  app.  phK-e 

-1-7   14  0^6          —\i.\ 

+  S  82  52.7         —12  3 


Woisse's  BesselXXI,  152 
AVeisse's  Bessel  XXI,  216 


March  23.     Comet  abont  11  mag.      .V  10"  niiclens  in  tin.'  north       in  our  contlniions  cloudy  weather.     The  clouds  have  again  closctl 
part  of  the  nebulosity;  a  faint,  short,  fan-shaped  tail,  or  dittnsion,       in,  previ'iiling  any  more  oh.siTvations  for  sometime. 
cxtiMidingrfi/tf  south.   This  obscrvnlion  obtained  by  one  iii:;lil's  break 

Mt.  Hamilton,  1890  MarcJi  26. 


QUESTIONS  OF  PRIORITY, 


By  \V1M.I.\M  FEKRF.r.. 
It  is  well  l;ii(iwii  that  lliore  is  a  discrepance  between  the  '   dation  of  the  earth's  rotation.     A  piansiblo  explanation  of 
times  of  the  coini)iited  and  observed  |>henoniena  of  cert-iiiu  ]    such  a  ret^u'dation  is,  that  it  is  duo  to  the  effect  of  friction 
ancient  eclipses,  which  indicates  that  there  has  been  a  relar-  |  upon  the  tidal  wave.     The  tirst  suggestion  of  this  esplaua- 
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lion  is  usually  attributed  to  Delaonay.  In  Thomson  and 
Tait's  Natural  I'iiiloaopliy  it  is  stated  that  "  ai)out  the  be- 
{riiiiiing  of  IHGG  Dki.aiinay  suggested  that  the  true  explana- 
tion of  the  discrepance  might  he  a  retardation  of  the  earth's 
rotation  l)_v  tidal  friction."  Dki.aunay's  note  on  tliis  subject 
was  communicated  to  the  Academy  at  Paris  on  Dec.  1 1 , 
1865  (Comph's  Rendux,  Vol.  CI,  p.  1023).  My  "  Note  on 
the  Influence  of  tlie  Tides  in  Causing  an  Apparent  Acceler- 
ation of  the  Moon's  Mean  Motion "  was  read  before  tiie 
American  Academy  of  Arts  and  Sciences  on  Dec.  13,  1864 
{Proc.  Vol.  VI,  pp.  379-383).     In  this  note  it  was  shown 


tliat  upon  the  hypothesis  of  only  a  very  moderate  displace- 
ment of  the  vertex  of  the  tidal  wave  by  friction,  the  resulting 
amount  of  retardation  of  the  eartli's  rotation  would  furnisii 
an  explanation  of  the  discrepance  l)etwecn  the  corn])utatiou 
and  observation  of  the  ancient  eclii)ses. 

The  writer  also  claims  that  tiie  first  suggestion  tliat  the 
cause  of  the  exact  ecpiality  Ijetween  the  lime  of  the  moon's 
rotation  on  its  orbit  and  on  its  axis  is  due  to  the  effect  of 
the  attracting  forces  upon  the  liuiar  tides,  was  given  in  his 
paper  "On  the  Kffect  of  the  Sun  and  Moon  upon  the  Rotary 
Motion  of  the  Earth  "  {Astr.  Jour.,  IS.OS,  III,  pp.  138-142). 


OBSEKVATIONS  OF  COMET  a  18i»()  {lutooKS)^ 

MAi)K  wnn  Tni'.  G-inch  equatorial  of  the  Detroit  obseuvatoky, 
By  W.  W.  CAMPBELL. 


1890  Greenwich  M.T. 

* 

No. 
Comp. 

-* 

//8 

^'s  apiiarent                           logpA 
a                        S                 '"'"I  '°'''' 

Mar.  22  21  59  37 

1 

5  ,  3 

+  r  47!07 

-f4  33.6 

21     9  46.55 

-1-   6^50  16''8    n9.618 

0.750 

26  21   39     3 

2 

8  ,  7 

—2  41.50 

-1-2     9.6 

21    10  29.99 

-t-   8  31   51.8    n9.623 

0.745 

22  19  43 

3 

5 

—1   25.67 

21    10  30.31 

H9.590 

30  21   19  57 

4 

12,  11 

-1-0   17.85 

-1-6  49.0 

21    10  58.77 

-MO  20   18.1 

«9.627 

0.738 

21   59  53 

5 

5 

-1-0  59.9 

-1-10  21     4.4 

0.722 

31   21  30  34 

6 

9  ,  8 

-f3     1.93 

-1-3  23.3 

21    11      3.09 

+  10  48  42.0 

n9.619 

0.723 

21   30  34 

7 

9 

+  •2   10.14 

21    11     3.54 

»i9.619 

21  30  34 

8 

9  ,  5 

+  0  41.33 

+  4  42.6 

21    11     3.09 

-1-10  48  40.6 

n9.619 

0.723 

Mean  Places  for  1890.0 

of  Comparison- Stars. 

Ked.  to 

8 

Red.  to 

* 

a 

app.  place 

app.  place 

Authority 

1 

2l"   8""   0^72 

—  r.24 

-f-   6  45  55.3 

—12.1 

Schjellerup  8563 

2 

21    13   12.65 

—1.16 

-h   8  29  54.5 

—12.3 

Glasgow  5414 

3 

21    11   57.14 

-1.16 

-f   8  32  53.6 

—12.3 

^(W.B,  XXI  216-1- Lam,  5886) 

4 

21    10  41.97 

—1 .05 

-MO  13  41.8 

—12.7 

Glasgow  5402                                        i 

5 

21    10   18.75 

—1.05 

-MO  20  17.2 

—12.7 

i(W.B,  XXI  174-l-Sehj.  8585) 

6 

21     8     2.19 

-1.03 

-MO  45  31.4 

—12.7 

Glasgow  5387                                        i 

7 

21     8  54.43 

—1.03 

-MO  43  53.8 

—12.7 

W.B,  XXI  137 

8 

21    10  22.79 

—1.03 

-MO  44   10.7 

—12.7 

^(Lam4  2529-1- Bonn  10°4497) 

March  22,    Frequent  interference  from  clouds. 


March  26,  30.     Further  observations  prevented  by  clouds. 


ELEMENTS   OF   PAUL'S   ALGOL-TYV^  VARIABLE,    8  ANTLIAE. 

By  S.  C.  chandler. 


My  observations  accord  entirely  with  Mr.  Sawyer's  in 
■establishing  this  star  as  of  the  Akiol-ty\K.  From  a  discus- 
sion of  his  observations  on  p.  189  I  get  five  minima,  while 
my  own  give  three;  besides  one  last  year,  which,  although 
very  imperfect,  is  useful  in  fixing  tlie  enumeration  of  the 
periods  back  to   Paul's  epoch.      I  thus  find  the    elements 

1888  April  13*  12"  5.5"'. 4  (Greenw.)  -f-O"  7''  46"'  48^0  E 
the  comparison  of  which  with,  the  observations  follows. 

The  star  remains  at  maximum  brightness  about  4*  30"' ; 
the  decrease  and  increase  occupying  each  about  P  40'".  The 
minima  can  be  very  sharply  determined,  under  good  con- 
ditions, with  a  i)robable  uncertainty  of  three  or  four  minutes. 

Cambridge,   1890  April  6. 


E       Observed  5Iin.  Canib.  M.T.      Red.  to©        O— C        p     Obs. 


0 

1888 

April  13 

8     5.9 

-1-5.0 

0.0 

- 

P 

1157 

1889 

April  23 

9     0.0: 

-h3.4 

-35.    : 

1 

C 

2095 

1890 

Feb.  21 

11     0.0 

-1-6.2 

—  1.0.7 

5 

S 

2166 

Mar.  16 

11   38.9 

+  5.9 

+    5.1 

5 

s 

2172 

18 

10     9.4 

+  5.8 

—  5  1 

5 

s 

2181 

21 

8  10.2 

+  5.7 

—  5.6 

5 

S 

2197 

26 

12  48.0 

+  5.4 

+   2.9 

4 

S 

2209 

30 

10  18.2 

+  5.2 

+  11.3 

2 

c 

2215 

April  1 

8  44.0 

+  5.1 

—  3.8 

5 

c 

2218 

1890 

April  2 

8  16.5 

+  5.0 

+   8.2 

2 

0 

N»  216. 
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OBSERYATIOXS   OF   COMET  1889  V, 

MADK    AT   THE   HALSTEI)   OBSERVATOItY,    I'UIXCKTON.    WITH    THE   23-IXClI    EQIATOIJIAI.    AND   .SQUARK-HAH   MICKIJ.METKR. 

By  1).  C.  MILLER. 
[Coinmuiiicated  by  I'rofessor  Yoi'NG.] 


Eastern  Standard  Time 

* 

No. 

#- 

-* 

#^'s  apparent 

logpA         1 

=  Gr.  M.T.  — 5" 

Com  p. 

Ja 

^tS 

a     *    1            8 

foro 

toTA 

USD                h        III        8 

Feb. 10     7  56  40 

17 

'      10 

+  o'°53!30 

—  7  4-I'.8 

1  48  10.38 

+  14  45  33.8 

9.670 

0.660 

12     7  55  21 

18 

6 

—0  43.87 

+   4  53.0 

9.576 

0.622 

7  56     4 

19 

5 

—0   14.88 

+    1   56.2 

9.577 

0.618 

13     7  49  47 

20 

16 

+  0  54.51 

—  6     8.5 

1   53  33.87 

+  15   17  24.6 

9.571 

0.629 

14     7  53  58 

20 

6 

+  2  43.35 

+   4   23.8 

1   55  22.70 

+  15  27  56.8 

9.580 

0.622 

15     7  44  23 

20 

7 

+  4  31.81 

+  14  42.0 

1   57   11.16 

+  15  38  15.0 

9.570 

0.611 

Mar.    8     7  51   27 

21 

6 

—0  49.33 

+   8   15.7 

2  36  14.43 

+  19     5  48.1 

9.635 

0.651 

3Imn  Places  for  1SS9.0  of  Comparison- Stars. 


* 

a 

Ked.  to 
app.  place 

8 

Ued.  to 
app.  place 



Authority 

17 
20 
21 

1  47  18.29 
■      1  52  40.57 

2  37     5.10 

— 1'.21 
—1.22 
—1.34 

+  14°53'2l".9           —53 
+  15  23  38.3           —5.3 
+  18  57  37.0           —4.6 

Weisse's  Bessel  (1)  I,  811 
^(Yaiiiall  936  +  Paris  2448) 
Weisse's  Bessel  (2)  11,  854 

Feb.  10,  12,  i;i  and  !.'>.     Seeing  good;  comet  easily  seen,  with  nn- 
clens  and  tail. 

Fel).  I'J.     By  an  oversight  two  stars  were  nsed  whicli  cannot  be 
identified  ;  their  approximate  places  for  Usyo  are  : 


No.  18,     a  =  1  52  31, 
No.  19,     a  =  1  52    2, 


i  =  +15  2  0, 
.1  =  +15  5.0. 


\t  tlie  time  of  observation  one  of  tliein  was  supposed  to  be 
DM.  U"31fi. 

Feb.  14.     Seeing  poor. 

March  8.  Moonliglit  stopped  the  observations.  Comet  still 
easily  seen.  l)Ut  witliont  nucleus;  it  was  a  mere  diffuse  patch  of 
liglit.  dilficult  to  observe  with  precision. 

March  18.  The  comet  was  seen,  but  mist  stopped  the  observation 
after  a  simile  unsatisfactory  coniparisnn. 


OBSERVATIONS   OF   COMET  188G  VII, 

MAI>K    AT   THE   HAKVAItl)   COLLEGE  OUSEUVATOItY, 

By  O.  C.   WENDELL,  Assistant. 
[Communicated  by  Professor  Edward  C.  Pickkri.vg,  Director.] 


1886-87  Cambridge  M.T. 

* 

No. 
Com  p. 

Ja 

-* 

j8 

^s  apparent 

1          8 

logpA 

tor  a      1      for  d 

Oct.   19     6"  56"  28* 

20     6  35  22 

Jan.    3     8  51  50 

1 
2 
3 

' 

+  o"'l7'.97 
—0     0.73 
—4  11.59 

—  10  27.7 
—13  43.2 

—  1    10.9 

18*    8"56!87 
18   12  20.44 
0     3  48.43 

—26  37 
—26  35 
+  0  45 

1.5 

37.8 

6.2 

9.498      0.878 
9.450      0.887 
9.552    j  0.770 

Mean  Places  far 

ISSa.O  ami   ISS7.0  of 

Coiiii>arisoii—S(((rs. 

* 

a 

Ked.  to                        c\ 
app.  place                   " 

al?:'p.^ce                            *"»'-"y 

1 
2 
3 

18"   8"'37!l9 

18  12  19.46 

0     8     0.74 

+r.7i 

+  1.71 
—0.72 

—26  26  41.4 
—26  22     2.2 
+  0  46  22.2 

+  7.6 
+  7.6 
—6.1 

Coidoba  Zonc-Catnl.  XVI II  .M-.' 

XVIll  Tt.i 

Weisse's  Bessel,  0,  99 
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N"  216. 


ISHli-'.MilliivcrforilM.'r. 

Nov.  -is"   8'';50"'l7' 
Jan.    22     8  ;5;5   18 


OBSERVATIONS   OF   COMET  1889  F, 

MADK   AT   TIIK   IIAVERKOUD   COIXKGK   OllSKIiVATORY, 

Hy    I).    1'.     1111515  lOKl)    AND    F.     r.     I.K.WKNWUHTll. 
o^  —  ^  a^'ti  iippurciit 


No. 

r,>tii|,. 


./8 


for  „  for  ,1 


—  0  21  1.")        +3   38.2       23   ,53   .".7.1.5      +    0  32     9.2      H.HH^\       0.718      II 
— 0   11). 24        —3     8.G         1    \i>     7.71      +11    17  4M.1      !i..5(;o       ().(;;-.7      L 


Mean    Places  for  I8S!J.O  (iiid  I8U0.0  of  Comp(triso/i-Sf((rs. 

^  lioil.  to  ^  Hetl.  to  ... 

^  a  „,„,    ,,|,„.,.  O  l„n   nh>,..,  .UUlioiily 


1  23  ol    lil.n  +2.U»  +    0   28    16.4  +14.0         Yarii:ill(F)   108!).5 

2  1    1.5   28.0;!  — 1.0«  +11    21      2.4  —   5.4         Yaiiiall  (F)  680 

Cornel  voiy  faint.     'I'lir  llrst.  ohsorvatioii  ua.-;  made  by  1).  1'.  lluiisicitu  witli  lllar  ink  romelcr;  the  seeoiid  by  V.  V.  I.i..vvenwoimii,  with 
square-bar  micrometer. 


EPHEMEKIS 

OF    VARIABLES 

OF   THE   .4JvG^0i-TYPE. 

API' 

DXiniate  Greeiiwit 

h  M.T.,   181MI. 

May 

(1     ii 

May 

May 

]\Iay 

May 

S  Aiitliai' 

1    12 

U  Coronue 

.5'  17 

U  Corouae 

12   14 

iS'  Antliae 

18     9 

1^    Librae 

25   12 

S  Autliao 

2   12 

FCysni 

:>  18 

S  Antliae 

13  12 

d    Lil)rae 

18   13 

U  Oiiliiiichi 

25   13 

S  Cancri 

2  14 

*.S  Antliae 

C     9 

R  Can.  Maj. 

13  13 

C/Coronae 

19    12 

U  Conniae 

26   10 

rCygiii 

2   18 

a    Librae 

<;  21 

(/Ophiuchi 

13   19 

U  Cepliei 

19    12 

Y  Cygni 

26  17 

E  Can.  Maj. 

3     7 

r  Cygni 

8    18 

S    Librae 

13  21 

U  Ophinchi 

19   16 

d    Librae 

27  20 

/S  Antliae 

3   U 

(7  Ophiiiclii 

8    19 

S  Antliae 

14  11 

R  Can.  Maj. 

20     9 

R  Can.  Maj. 

28     8 

f7  0|)liiiiflii 

3  18 

f/Cephei 

9    13 

C/Ce|)liei 

14  12 

J/Ophiuflii 

20   12 

U  Cepliei 

29   11 

<8  Antliae 

4   10 

f/Ophinchi 

9    1;5 

U  Oijliiiichi 

14  1.5 

F  Cvgni 

20    17 

R  Can.  Maj. 

29   11 

^Can.  Maj. 

4   11 

f/'Opbiuelii 

10   11 

Y  Cygni 

14   17 

S    Librae 

20  20 

Y Cygni 

29   17 

U  Cepliei 

4   13 

R  Can.  Maj. 

11      7 

U  Opliinelii 

15   11 

R  Can.  Maj. 

21    12 

U  Ophinchi 

29  18 

f/Opiiinflii 

4   14 

S    Librae 

11    13 

S  Antliae 

15  11 

iS  Cancri 

21    14 

U  Coronae 

29  20 

S    Librae 

4   14 

Y  Cvgni 

11    18 

..S'  Antliae 

16   10 

rCvsiiii 

23   17 

{7  Ophinchi 

30  14 

S  Antliae 

5     9 

S  Cancri 

1 2     2 

.S   Antliae 

17     9 

U  Cepliei 

24    12 

.S'  Cancri 

31      1 

R  Can.  Maj. 

.5    14 

R  Can.  INIaj. 

12   10 

Y  Cygn\ 

17  17 

U  ophinchi 

24   17 

U  Ophinchi 

31    10 

A  D  V  E  R  T I S  E  M  E  K^  1\ 

A  volnine  of  the  Antron.om.ical  Journal  consists  of  twenty-four  numbers,  with  taVile  of  contents  and  :ili)liabctieal  index. 
The  price  of  subscription  is  $5.00,  iKiyable  in  advance,  to  which  is  to  lie  added  the  expense  of  postage,  when  the  address 
is  to  countries  not  in  the  international  postal  union. 

Some  copies  of  earlier  volinnes  are  still  remaining,  and  all,  excepting  the  first  three,  may  be  obtained  at  the  same  price. 
Single  numbers,  wlien  available,  will  be  furnished  at  $0.25  each,  but  only  for  the  purpose  of  completing  sets. 

No  discount  is  made  to  booksellers  ;  but  remittances  can  be  conveniently  sent  by  postal  money-order  to  the  Editor,  at 
Cambridge,  Massachusetts.  If  made  by  cheelis,  it  is  requested  that  these  be  drawn  upon  some  bank  in  the  New  England 
States,  or  in  the  cities  of  New  York,  Philadelphia,  Washington  or  Chicago. 


CONTENTS. 

SOPPI.KMENT  TO   FlKST   EDITION   OF   THB   CATALOGUE   OF   VARIABLE    StaUS,    BY   Mr.    S.    C.    CuANDLER. 

CiN  THE  Variable  Star  X Cvgni,  by  Mr.  Paul  S.  Yendell. 

Observations  of  <S  Antliae,  by  Mr.  E.  F.  Sawy'er. 

Filar- Mjcrojieter  Observations  of  Comet  a  1890,  by'  Puof.  E.  £.  Barnard. 

Questions  of  Priority,  by  Prof.  William  Ferrel. 

Observations  of  Comet  «  1890,  by  "Mr.  W.  W.  Campbell. 

Elements  of  Paul's  Algol-Type  Variable,  S  Antliae,  by-  Mr.  S.  C.  Chandler. 

Observations  of  Cojiet  1889  V,  by  Mr.  D.  C.  Miller. 

Observations  of  Comet  1886  VII,  by  Mr.  O.  C.  Wendell. 

Observations  of  Comet  1889  F,  by  Mr.  T>.  P.  Hibberd  and  Prop.  F.  P.  Leavenworth. 

Ephemeris  op  Vabiables  of  the  Algol-Type. 

Ad-^'ertisement. 


INDEX 


TO    THE    NIKTU    VOLUME 


Aberration,  Determination  of  the  Constant  of,  by  Poor  .   .    .  155. 
Advertisement  .   .    .80,  192. 

Algol,  Observations  of  Minima,  by  Hagbn  .   .    .  158. 
"  "         "         "   Yendell  .    .    .  22. 

Spectrograpliic  Observations  of,  by  Vogei.  andScHEiNER,  136 
Ann  Arbor,  Micliigan  —  Detroit  Observatory. 

Observations  of  Comet  1889 II  (6  1889)  ...  7. 
"       1888111.   .    .  38. 

18901  (i/1889)  .   .    .  U3. 
"  "        "       a  1890  (Bkooks)  .   .    .  190. 

S  Antliae,  Discovei-y  of  its  Variability,  by  P.\ui.  .   .   .  180. 
Observations  of,  by  S.\wyeu  .   .    .  189. 
Elements  of,  by  Chanulek  .   .    .  190. 

"  "      "    S.\WYKR  .    .    .  183. 

S  Aquarii,  Observations  of,  by  IIauen  .    .  .  157. 

Asteroids,  Discovery  of  no.  28-t,  by  Ch.^rlois  .   .   .22. 

"  "     "    285,  "    CiiAULOis  .   .    .69. 

"  "    "    286,  "   Palisa  .   .    .68. 

"  "    "   287,  Nephthys,  "    Petkks  .    .    .72. 

"  "    "  288,  Glauke,  "  Luther  .  .   .  IGO. 

"  "    "   289,  "   Charlois  .   .   .  183. 

"    "   290,  "   Palisa  .   .   .  183. 

Observations  of  no.  2G,  Proserpina  "   Thome  .   .    .76. 

"  "     "     71,  Niobe,  "   TnoME  .    .    .  76. 

Photometric  Observations  of,  Ijy  I'AUKHunsr  .   .    .127. 
Proper  Names  of  .   .   .  183. 

B. 
Banes,  Mr.  R.  C,  Haverford  College,  Penn. 

Observations  of  Comet  1889 1  (e  1888)  .   .   .  31. 
BAUNAun,  Prof.  E.  E.,  Lick  Observatory,  San  Josfi,  Cal. 

Kilar-micrometer  Observations  of  Comet  6  1889  (1889 II),     5 
Observation.s  of  Comet  1888 IV  (Faye's)  ...  29,  30. 
Anomalous  Tail  of  Comet  18891  (e  1888)  ...  32. 
Discovery  of  Comet  c  1889  (1889  III)  ...  40,  47. 
Observations  of  Comet  c  1889  (1889  III)  .    .    .40,47,55,80. 
"       "      d  1889  (1889  V)  ...  48,  54. 
"       "       e  1889  (1889IV)  ...  64. 
Division  of  Comet  d  1889  (1889  V)  observed  .   .    .  (i4. 
On  Comet  e  1889  (1889  IV)  ...  66. 
On  tlie  Companions  to  Comet  d  1889  (1889  V)  .   .    .  77. 
Ol)servations  of  the  Occnltation  of  Jupiter  .   .   .85. 
On  Comet  1888  V  .   .    .87. 

Kiliir-micrometer  Observations  of  the  Comet  /■1889  (1889  VI) 

104,  119 


Bahxard,  Prof.  E.  E.,  Licij  observatory,  San  Jose,  Cal. 

Observations  of  Comet  (7  1889(1890 1)  .   .    .120,142. 
"  "    Comets/and  (/ 1S89  .   .    .131. 

"   Comet  a  1890  (Brooks)  .   .   .  183,  189. 
Beebe,  Prof.  William,  Yale  College,  New  Haven,  Conn. 

Determination  of  Orbit  of  Comet  1880  V,  by  Gibbs's  Vector- 
Method  .    .    .  113,  121. 
Bei.i..\mv,  Mr.  William,  Mt.  Bowdoin,  Boston,  Mass. 

Table  for  Occnltation  of  Jupiter,  1889  Sept.  3  .   .   .70. 

Elements  and  Ephemeris  of  Comet  e  1889  (1889 IV)  .   .  71,  95 

Ephemeris  of  Comet  d  1889  (1889  V)  .    103,  118,  140,  158,  184 
Bethlehem,  Pennsylvania.     [See  Lehigh  Observatory.] 
BORST,  Mr.  C.  A.,  Johns  Hopkins  University,  Baltimore. 

Filar-micrometer  Observations  of  Comet  d  1889  (1889  V),  104 
Boss,  Prof.  Lewis,  Dudley  Ob,servatory,  .Albany,  N.Y. 

Systematic  Corrections  of  Star-positions,  near  the  Equator, 
■with  a  Note  on  the  Constants  of  Solar  Motion  ...  17,  25. 

Proper  Motions  of  Stars  in  the  Albany  Zone  ...  57. 

A  Determination  of  the  Solar  Motion  .   .    .  161. 
if  Bootis,  Observation  of  .Maximum.  In  Yenpei.i.  .    .    .  126. 


Cambridge,  Mass.  —  Harvard  (^JlIeJ;e  Observatory. 
Observations  of  Comet  1.S89II  (fc  1889)  ...  6. 

"       1889  V  (<U889)  .    .    .56,09. 
"      1887  V  (OiJJEUS's)  .   .    .91. 
"       18891  (g  1888)  .    .    .  91. 
"       1888  V  .    .    .92. 
"      1889  VI  tfl6S9)  .   .    .  159. 
"      18901  (g  1889)  .    .    .  160. 
"  "        "a  1890  (Brooks)  .   .   .  183. 

''  "         "       1886Vn  .    .     .  191. 

if  Camelnpardalis,  Observations  of  Maximum,  by  Vf.nhki.i.   .   .   126 
Campbei-I.,  Mr.  W.  W.,  Observatory,  .\nn  .\rbor,  Mirhigau. 

Elements  and  Kphcmerls  of  Comet  li  1889  ( 1889  H ) .  6.  37,  69, 94 
Observations  of  Comet  b  1889  (_18S91I)  ...  7. 
Ring-micrometer  Observations  of  Comet  c  188S  (188S1II),  38 
Elements  ami  Ephemeris  of  Comet  c  1889  (1889III)   ...  46 
Elliptic  Elements  of  Comet  «  1889  (1889 IV)  .   .   .  H9. 
Elements  and  Ephemeris  of  Comet  g  1889  (1800 1)    .   .    136,  140 
Observations  of  Comet ;;  1889  (18901")  .   .    .  143. 
Elements  and  Ephemeris  of  Comet  a  1890  (Brooks)  .   .    .184 
Observations  of  Comet  »  1890  (Bk«)OK6)  .   .   .  190. 
if  Canis  Mdjoris,  Observations  of  Minima,  by  Haokx  .   .   .  158. 
>)  Carinae,  Observations  at  Conloba,  by  Tiiomk  .   .   .63. 
i  Cephei,  Observations  of  Maxima  and  Minima,  by  Ykxdeij.  .   .  l:^ 


194 


1  N  D  E  X  , 


H  Cephei,  Observations  of,  by  Haoen  ...  15. 

TCephn,  Observation  of  Mn.viimiiii,  by  Ykxdkm.  ...  74. 

rCephfi,  Observations  of  Minima,  by  Yknuki.i.  ...  22.  «1,  83. 

On  tlie  Llijlit-Vurialions  of,  l)y  C'iiandi.kh  .    .    .  49. 
7i  Ci'ti,  Oljscrviition  of  Maxinnini,  by  IlAiiKN  .   .    .  l.')H. 
7'  Citi,  Observations  of  Maximum  ami  Minimum,  by  Hagkn  .    .  158. 
CiiANDi.Kit,  Mr.  S.  C,  Cnnil)ridf;e,  Mass. 

On  tlu' General  Relations  of  Variable-Star  I'liciiomcna  .    .    .  1 
Kplicmeris  of  Variables  of  tlie  AI(iol-U'pe  .   .    . 

8.  38,  71,  88,  ili;,  128,  140,  192 
On  the  I>iKlit-\'arialions  of  U  Cephei  ...  49. 
Observations  of  Comet  IHHO  V  (d  1889)  .   .    .50. 
Klements  and  Kphemeris  of  Comet  1889  V  (rf  1889)  .   .    .  5(i. 
I'Uliptic  i;iements  of  same  with  Kphemeris,  ...  79,  88,  95. 
Note  on  the  Variable  Y  Cygni  .   .    .  92. 
(In  the  Period  of  U  Coronae  .    .    .  97. 

On  the  .\ction  of  Jupiter  in  188(1  upon  Comet  d  1889,  and  the 

Identity  of  the  latter  with  Lkxkli.'s  Comet  of  1770  .   .  100 

(;ontributions  to  the  Knowledjre  of   the  Inequalities  in  tlie 

Periods  of  the  Variable  Stars,  III  .   .    .  12G. 
Supplement  to  First  Edition  of  Catal.  of  Variable  Stars,    185 
Elements  of  Paul's  ^/ffoZ-Type  Varial)le,  iS^lniitae  .   .    .  190 
Comet  1880  V,  Determination  of  its  Orbit  by  Gibbs's  Vector-Method, 

by  Ukebb  and  Phillips  .   .    .113,121. 
Comet  188(;VII,  Observations  by  Wkndki.t.  .    .    .  191. 
Comet  1887  V  (Olbbks's),  Observations  l)y  Wknukll  .    .    .  91. 
Comet  1888  II  (Enckk's),  Observations  at  Cordoba,  by  TiiOMi:,     75 
Comet  1888  111,  Observations  Ijy  Campbkll  .   .    .38. 
Observations  by  Lbavenwoutii  ...  7. 
Elements  by  Gummehe  .    .    .94. 
Comet  1888  IV  (Faye's),  Observations  by  Hahxakd  .    .    .29,  30. 
Comet  1888  V,  Observations  by  Barnakd  .   .    .87. 
Observations  by  Fhi.sby  ...  7. 

"    Wendell  ...  92. 
Comet  18891  (f  1888),  Observations  Ijy  Banks  ,   .    .  31. 
Observations  by  Fuisdy  .    .    .48,  55,  72,  77. 

'•  ■■    Leavenwoktu  .    .    .  31,  100. 

"    Lewis  ...  31. 
"  "    todiittntek  .   .    .  31. 

"  "    Wendell  .   .   .91. 

Kphemeris  by  Crockett  .   .    .  23. 
Anomalous  Tail  of,  by  Bahnahd  .    .    .  32. 
Comet  188911  (6  1889),  Observations  by  lUuxAiti>  .    .    .5. 
Observations  by  CaiMPUEll      .    .  7. 
"  "    Frisby  ...  7. 

"  "    Wendell  .   .    .  (i. 

Elements  liy  Campbell  .    .    .  G.  37,  94. 
Kphemeris  by  Campbell  .   .    .  (i,  37,  G9,  94. 
Comet  1889  III  (c  1889),  Discovery  of,  by  Barnard  .    .    .  40,  M. 
Observations  by  Barnard  .    .    .40,  47,  55.  8G. 

"  "    Leavenworth  .    .    .  4G. 

Elements  by  Campbell  .    .    .  4G. 

"    Leuschner  .   .    .  4(1. 
Epliemeris  by  Campbell  .   .    .  4C. 
"  "   Leu.schner  .   .    .  40. 

Comet  1889  IV  (e  1889),  Discovery  of,  by  Davidson  .    .    .  5G. 
Observations  by  Barnard  .    .    ■  G4,  G7. 
"  "    dooi.ittle  ...  78. 

"  "    Frisby  .   .    .72,  93. 

Elements  by  Bellamy  .   .    .71,  95. 
"        "    Safford  ...  70,  79. 
Elliptic  Elements  by  CA.MPBELL  .   .    .119. 
Kphemeris  by  Bellamy  .    .    .71,95. 
Kphemeris  by  Safkord  ...  70. 


Comet  1880  V  (d  1889),  Discovery  of,  by  Bhookk  ...  48. 

Observations  l)y  Barnard  .   .    .48,  54. 

"  BousT  .    .    .  104. 

"  •'  Chandler  .   .    .  5ii. 

"  Frisby  ...  72,  93,  1 12,  127,  132. 

"  "  Frost  .    .    .  134. 

"  Hall  .    .    .  135,  u;5. 

"      IIlBBERD   .     .     .141,    192. 

"  "    Leavenworth  .    .    .  141,  192. 

■■    Miller     .    .117,  159,  191. 
"  "    Wendell  .   .    .  5G,  ii9. 

"    yoiN(i  .    .    .117.  135. 
Elements  l)y  ('handler  .    .    .  5ii. 
Klllptic  Elements  by  (Chandler  .    .    .  79,  95.  ml. 

"  "  "    Seaicle  .    .    .  79. 

Kphemeris  by  Bellamy  .    .    .  103,  118,  140,  I.lfS,  184. 
"    Chandler.    .    .56,80,88,9.5. 
"    Searle  ...  79. 
Division  of,  observed  by  Barnard  .   .    .  G4. 
On  the  (Companions  to,  by  Barnaisd  .   .    .77. 
On  the  Action  of  Jupiter  upon  it  in  188G,  and  its  Identity  wi 
Lexell'.s  Comet  of  1770,  by  Chandler  .    .    .  loo. 
Comet  1889 VI  (.n889).  Discovery  of,  l)y  Swift  .    .    .  lot. 
(Observations  liy  Barnard  .   .    .  104,  119,  131. 
"  '•    Wendell     .    .  159. 

"     YOUNd  .     .     .   141. 

Elements  by  Searle  .    .    .112. 
Elliptic;  Elements  by  Searle  .    .    .  128. 
Kphemeris  by  Searle  .    .    .  112,  118,  128. 
Comet  18901  (jr  1889),  Discovery  of,  l)y  BoRREi.LY  .   .    .  12u. 
Observations  by  B.\rnard  .    .   .  120,  i:'.l,  142. 
"  "    Campbell  .   .    .  143. 

"  "    Frisby  .   . 

"  "    Krueger  . 

"  '•    Wendell  . 

Elements  by  Campbell  .    . 

■■  Hill  .   .    .  134. 
J^pheraeris  by  Campbell  .   . 
Comet  a  1890,  Discovery  of,  by  Brooks 
(Observations  of,  by  Barnard  .    . 


.  132. 
.    .  127. 

.    .  IGO. 
13G. 

.  13G,  140. 

183,  189. 


"     ■     Campbell  .    .   .  190. 
"     "    Wendell  .    .    .  \>^'-\. 
Elements  of,  by  Campbell  .    .    .  184. 

Searle  .   .    .  183. 

Kphemeris  of,  by  Campbell  .   .   .184. 
Comets  of  the  Year  1889  .    .    .  IGO. 
Comparison  of  Positions  of  Stars  in  the  Pleiades,  derived  frc 

Photographs,  with  the  Heliometer-Results,  by  Elkin  .    .    .  33. 
Comparison  of  tlie  Photographic  with  the  Instrumental  Detern 

nations  of  Star  Places,  by  Gould  .   .   .  3G. 
Compari.son-Stars  for  rO;)AiMcft!  .   .    .138. 

Comstock,  Prof.  Geo.  C,  Washburn  Observatory,  Madison,  Wis, 
Differenceof  Declinationof  43H.Cq)7!f!andiJrad?e!/ 95  .    .  1 
Conic,  On  the  Force  to  any  Point  in  a,   by  Hirayama  .    ,    .53. 
Cordoba,  Argentine  National  Observatory. 

Observations  of  >;  Carinae,  by  Thome  .   .    .Go. 

"  Encke's  Comet,  Proserpina  and  Xiobe  .  . 
B  Coronae  Borealis,  Observations  of  its  Variation,  by  Sawyer,  1 
iS  Coronae  Borealis,  Observations  of  its  Variation,  by  Sawyer,  1 

Observations  of  its  Variation,  by  Yendell  ...  40. 
U  Coronae  Borealis,  Observations  of  Minima,  by  Yendell,   .  81 . 
On  the  Period  of,  by  Chandler  .    .    .  97. 


INDEX, 


195 


Corrigenda  in  the  Astronomical  Journal  .   .   . 

K,  16,  32,  oG,  120,  12H,  144,  108,  184 

in  CiiAfVENET's  Astronomy  .    .    .  142. 

in  the  Uranometria  Argentina  .    .    .181. 
II  Con-i,  Observation  of  a  Maximum,  by  Yexdell  .   .    .22. 
CitocKKTT,  Prof.  C.  W.,  Troy,  N.Y. 

Ephemeris  of  Comet  e  1888  (1889  I)  .   .    .  23. 
X  Cyjni,  On  the  Variation  of,  by  Ybndell  .   .    .  188. 
YCi/gni,  Observations  of  Minima,  by  Yentjell  ...  22. 

Elements  of  Variation  and  Ilphemeris  of  Minima,  by  Chand- 
ler .   .    .  93. 

On  Some  Observed  Minima  of.  by  Ybs'dei.i-  .   .    .  106 

T). 
Dawson,  Mr.  William,  Spiceland,  Indiana. 

Suu-Spots,  1887-1889  .    .    .  125. 

Observation  of  Occultation  of  Jupiter  .    .    .  131. 
Day-time,  On  Photographins:  and  Seeing  Stars  in,  by  Holden  .   .  73 
Dearljorn  Observatory.     [See  Evanston,  Illinois.] 
.V  Dclj'hini.  Observation  of  Maximum,  by  Yesdell  .    .   .  126. 
Dooi.iTTLE,  Prof.  C.  L.,  Lehigh  University  Observatory,  So.  Bethle- 
liem,  Pennsylvania. 

Ring-micrometer  Observations  of  Comet  e  1889  (1889  IV),  78 
Double  Stars,  Observations  of  F.  70  OphiucM,  by  Hall  .   .    .75. 

Discovery  of  New,  by  Hoicii  .    .    .  177. 
)  Draconis,  Discussion  of  Observations  made  with  the  Reflex  Zenith- 
Tube,  by  Poon  .   .    .  153. 

On  the  Parallax  of,  by  Poou  .   .    .  155. 


Earth,  On  the  Mass  of,  by  Harkness  ...  9 

Ei.Klx,  Dr.  William  L..  Yale  College  Observatory.  New  Haven,  Ct. 

Comparison  of  Dr.  Goitld's  Reductions  of  Mr.  Rutherfurd's 
P;«iades-Photographs,  with  the  Heliometer-Results   .   .   33 
Evanston,  Illinois,  Dearborn  Observatory. 

Di-scovery  of  New  Double  Stars,  by  Hoitgh  .    .    .  177. 

V. 
KAKiniiAii.  Mr.  Henry,  U.S.  Coast  and  Geodetic  Sui-vey,  Washing- 
ton. D.C. 

Notes  on  Fundamental  Right-Ascensions  .   .    .  129. 
I'f.kkf.l,  Prof.  William.  Kansas  City,  Mo. 

Laplack's  Solution  of  the  Tidal  Equations  .    .    .41. 
Questions  of  Priority  .    .    .  189. 
FmsBY,  Prof.  Edgar,  U.S.  Naval  Observatory,  Wa.shiiigton,  D.C. 
Observations  of  Comets  (1888  V  and  b  1889)  ...  7. 

"    Comet  e  1888  (1889!)  .    .    .  48,  .55,  77. 
"   Comets  (18891,  IV  and Vj  .   .   .72. 

(1889 IV  andV)  .    .    .  93. 
"   Comet  (Z  1889  (1889  V)  .   .   .  112,  127. 
"   Comets  d  and  (/  1889  (1889  V  and  18901),    132 
FuosT,  Mr.  Edwin  Brant,  Shattuck  Ob.servatory,  Hanover,  N.H. 
Solar  OlKKcrvatlons  at  Sliatluck  tlbservatory  .   .    .  07,  15ii. 
Ring-micrometer  Observations  of  Comet  d  1889  (1889  V),  134 
Fiuidamental  Right-Ascensions,  Notes  on,  by  FAitgunAU  .   .   .  129. 


U  (ycmiii</(»m.  Observation  of  Maximum,  by  Yk>4|>ki.i  .    . 
Georgetown  College,  Washington,  D.C. 
Observations  of  fi  Cephei ...  15. 

"  "    Some  Suspected  Variables  .    .    .  ll." 

"   Variable  Stars  .   .    .  1,">7. 


Gould,  Dr.  Benjamin  A.,  Cambridge,  Hassacbasetts. 

On  the  Comparisons  of  Photograpbic  with  Instminental  De- 
terminations of  Star-places  .   .   .36. 

Investigation  of  Errors  in  Lacaille's  Coelum  Australe.  1 45, 109 
GfMMERE,  Mr.  H.  v..  Haverford,  Pennsylvania. 

Sun-Spot  Observations  .    .    .23. 

Elements  of  Comet  1888  III  .   .   .  94. 


H. 

IIagkx,  Rev.  .John  G.,  S.J.,  Georgetown  College,  Wa.«hington,  D.C. 
The  Variable  Star,  /i  Cephei  ...  15. 
Observations  of  Some  Suspected  Variables  .  .    .118. 
Ob.servations  of  Variable  Stars  .   .   .  157. 
Hall,  Prof.  Asaph,  U.S.N.  Observatory,  Washington,  D.C. 
The  White  Spot  on  Ring  of  Saturn  .    .    .  23. 
The  Position  of  the  Washington  26-inch  Refractor  .   .    .  .32. 
Tlie  Deduction  of  Planetary  Masses  from  the  Motions   of 

Comets  .   .    .47. 
Note  on  the  Ring-Nebula  in  Lyra  .   .    .  64. 
Observations  of  F.  70  Ophiuchi .  .   .  75. 

"  "    Occultation  of  ^upi7«r  .   .    .80. 

"   Comet  d  1889  (1889  V)  .   .    .135,105. 
Halsted  Observatory.     [See  Princeton,  New  Jersey.] 
Hanover.  New  Hampshire,  Sliattuck  Observatory. 
Solar  Observations  .   .    .  07,  150. 

Ring-micrometer  Observations  of  Comet  d  1889  (1889  V)    134 
Hakkness,  Prof.  William,  U.S.N.  Observatory,  Washington.  D.C. 
(_)n  the  Masses  oiilercury,  Venxis  and  the  Earth,  and  on  the 

Solar  Parallax  ...  9. 
On  an  Error  in  the  Computation  of  the  Solar  Parallax  .   .  M 
Haverford  College  Observatory,  Haverford,  Pennsylvania 
Observations  of  Comet  1888  III  ...  7. 
•   Sun-Spots  ...  23,  143. 
••   Comet  1889  1  (e  1888)  ...  31,  100. 
"       1889  III  (c  1889)  .   .    .46. 
"       1889V  {d  1889)  .    .    .  141,  192. 
S  Ilerculis,  Observation  of  Maximum,  by  Yexpell  .       .  127. 
u  Herculis,  Observations  of  Maxima  and  .Minima,  by  Yesdkll.    137 
T  Herculis,  Observation  of  Maximum,  by  Yesdell  .    .    .74. 
HiBBEUD,  Mr.  D.  P..  Haverford.  Penn. 

Observation  of  Comet  d  1889  (1889  V)  .   .    .  141,  192. 
Hill,  Mr.  Charles  B.,  Lick  Observatory,  San  Jos6,  Cal. 

( )bservalion  of  Occultation  of  .fiipiter  .   .   .85. 
Hill,  Mr.  George  A.,  U.S.N.  Observatory,  Washington,  D.C. 

Elements  of  the  Comet  ;/  18S9  (18901)  .   .    .  134. 
Him.,  Prof.  George  W.,  U.S.  Nautical  .\lnianac  Ollk-e,  Washington. 
C»n  LeVeriuer's  Determination  of  the  Second-Order  Temus 
in  the  Secular  Motions  of  the  Eccentricities  and  Perihelia 
of  Jupiter  and  Saturn  .    .    .89. 
Hirayama,  Mr.  S.,  Tokyo  Observatory,  Japan. 

On  the  Force  to  any  Point  iu  a  Conic  .   .    .  .">3. 
Note  on  Transit-Observations  of  the  Sun  .   .    .  I'JO. 
HoLDES,  Prof.  Edward  S..  Lick  Observatory.  San  Jos*,  Cal. 

On  Photograplilng  and  Seeing  Stars  in  the  Day-time  .   .    .  73. 
Hough,  Prof.  George  W.,  DeartK)rn  Observatory,  Evanston,  III. 

New  Double  SUirs  .   .    .177. 
Howe,  Prof.  Herbert  A  ,  Denver.  Colorado. 

An  Error  in  ChaI'VENET's  Astronomy  .   .    .  U2. 
]\'Ilydrii<\  Discovery  of  Its  Variability,  by  Sawyer  .   .   .  '.'4. 


Johns  Hopkins  Observatory,  Ballimorc.  Md. 

t>l)servalions  of  Comet  rf  1889  i,!**''^'^-  I'.*'  Borst 


196 


INDEX, 


■hipiter.  Computation  of  Occultatton,  1889  Sept.  3,  by  Bkllamy,  70 
observations  of  Occultation,  by  BAitNAni)  .   .    .85. 
••    Dawson  .    .    .  i;il. 
"    Ham,  .    .    .  HI). 
"   Hii,L  .   .    .85. 
"  "   Kkiclkis  ...  84. 

"  "   LmisciiNKii  ...  80. 

"  "    NUMSKN  .     .     .  H(i. 

"  "   Sawvku  .  .    .  DU. 

"   Skinneu  ...  80. 
"  Young  .   .   .  83. 
On  Determination  of  Sccuiar  Motions  of  tlie  Kccentricity  and 
I'erilielion,  l)y  Hii.i.  .   .    .  8!i. 


Kkki.hi!,  I'rof.  J.  E.,  Liclc  Observatory,  San  Jos6,  Cal. 
Observation  of  Occultation  of  Jupiter  .   .    .84. 


L. 
IjACaii.lk'.s  Cuelum  Australe  SCellifenim,  Investigation  of  Errors  in, 

by  (ioui.n  .    .    .  1+5,  169. 
I.KAVKNWOuTii,  Prof.  F.  P.,  Ilaverforcl  College,  Haverforil,  Penn. 
Observations  of  Comet  1888  III  .   .   .  7. 

"      e  1888  (18891)  ...  31,  100. 
"      c  1889  (1889  III)  ...  40. 
"      d  1889  (1889  V;  .    .    .  141,  192. 
"   Sun-Spots  .   .   .143. 
I-eliigh  University  Observatory,  So.  Betlileliem,  Penn. 

Observations  of  Comet  1889 IV,  by  Uooijttlk  .   .   .78. 
li  Le.onis,  Observation  of  a  Maximum,  by  Yendell  .   .   .40. 
LicusciiNKn,  Mr.  Arniin  0.,  Lick  Observatory,  San  Jos6,  Cal. 

Elements  and  Epbemeris  of  Comet  c  1889  (1889  III)   ...  40 
Observations  of  Occultation  of  Jupiter  ...  86. 
r.Kwis,  Mr.  D.  C,  Haverford  College,  Haverford,  Penn. 
Observation  of  Comet  e  1888  (18891)  ...  31. 


'i  Librae,  Observations  of  Minima,  by  Yendell  . 
lack  Observatory,  Mt.  Hamilton,  San.Tos6,  Cal. 
Observations  of  Comet  6  1889  (1889 II)  .   . 
"   Faye's  Comet  ...  29,  30. 
"   Comet  c  1889  (1889  III)  . 
"    Comet  d  1889  (1889  V)  .   . 
"  "    Comet  e  1889  (1889  IV)  .    . 

'■  "   Occultation  of  J'Mpj'ie)' .   . 

"  "   Comet  1888V  .   .    .87. 

"    Comet/ 1889  (1889  VI)  .   . 
"   Comet  (7  1889  (18901)  .   . 
"    Comet  a  1890  (Brook.s)  . 
Lyra,  Note  on  the  Ring-Nebula  in,  by  Hall  .   .   . 


.  82,  83. 


,    .  40,  47,  55,  86 
.  48,  54. 
.  64,  67. 
.  84. 

.  104,  119,  131. 
.  120,  131,  142. 
.    .  183,  189. 
64. 


K  Lyme,  Observations  of  Maxima  and  Minima,  by  Yendell  .   .  22 

M. 
MacCormick  Observatory.     [See  University  of  Virginia.] 
Madison,  Wis.,  Washburn  Observatory. 

Observations  of  Difference  of  Declination  of  43  H.  C'ephei  and 
Bradley  95  ...  179. 
Masses  of  the  Earth,  Mercttry  and^Fenws,  by  Harkness  ...  9. 

On  their  Deduction  from  Motions  of  Comets,  by  Hall  .    .  47 
Mercury,  On  the  Mass  of,  by  Harkness  ...  9. 
MiLLEi!,  Mr.  D.  C,  Observatory,  Princeton,  N.J. 

Observations  of  Comet  d  1889  (1889  V)  .   .    .117,159,191. 
T  Monncerotis,  Observations  of  Maxima  and  Minima,  by  Sawyer,  167 

Observations  of  Maxima  and  Minima,  by  Yendell  ...  40. 


U  ilonocerotis,  Observations  of  Maxima  and  Minima,  by  Haok.v,  158 
Observations  of  Maxima  and  Minima,  by  Sawyer  .   .    .  1G7. 
"  "  "        ■'  •■  "    Yendkm.  ...  40. 

MoTODA,  Mr.  T.,  Tokyo,  .lapan. 

Note  on  a  Difl'erentlal  Eijuation  .   .    .  124. 

Mt.  Hamilton.     [See  Lick  Observatory.] 

X. 

Nebula  in  Lyra,  Note  on,  by  Hall  .    .    .04. 

New  Astronomical  Works,  Notices  of  .   .    .  119,  168, 

Niobe  (Asteroid  no.  71),  01)servatlons  at  Cordoba,  by  Tho.me  .   .  70 

Notice,  Asking  for  Observations  ...  32,  48. 

of  Raiits's  I'olh'uhe  der  Konigsberger  Sternicarte  .  .  .  119. 
"  Franz's  Kanstantcn  der Fhysisi-hen  Libration  des  Moudes,  119 
"  Annales  de  V Ohservatoire  Astronomi'jue  de  Tokyo  .  .  .  120 
"  Frisby's  Edition  of  Yarnall's  Washington  Catalogue,  120 
"  A.  Hall,  Jr.'s  Determination  of  Orbit  of  Titan  .  .  .  168. 
"  Reueur-P ASCII wnz's  Tables  for  Computing  Parallax,  168 

NuMSEN,  Mr.  W.  H.,  Baltimore,  Md. 

01).servation  of  Occultation  of  .7!//)rtcr  .   .    .86. 

O. 
Occultation  of  Jupiter,  1889  Sept.  3,  Computation  by  Bklla.mv,      70 
Observations  l)y  Barnaud  .    .    .  fs5. 
"   Dawson  .    .    .  131. 
"    Hall  .   .    .  HO. 
"   Hill  ...  85. 
"  "    Keeleu  .    .    .84. 

"  "   Lbcschner  .    .    .86. 

"  "    NUMSEX  .    .    .86. 

"  '•    Sawyer  ...  96. 

"  "    Skinner  .   .    .80. 

"   Young  .    .    .83. 
F.  70  Ophinchi,  Observations  of,  l)y  Hall  ...  75. 
U  Ophiuchi,  Observations  of  Minima,  by  Yendell  .   .    .  82,  83. 
V  Ophiuchi,  Observation  of  Maximum,  by  Yendell  .    .    .74. 
T  Ophiuchi,  Discovery  of  its  Varial)ility,   l)y  Sawyer  .   .   .  138. 
Observations  of  Maxima  and  Minima,  by  Sawyer  .   .    .  138 
Elements  of  Variation,  by  Sawyek  .   .    .  138. 
Light-Table  and  Comparison-Stars,  by  Sawyer  .   .    .  138. 
Orbit,  Method  of  Computing  from  Three  Complete  Observations, 
by  Searlk  .    .    .  105. 

Determination  of,  by  Gibbs's  Vector-Method,  by  Beebe  and 
Phillips  .   .    .113,  121. 


Parallax,  Solar,  On  Its  Amount,  by  Harkness  .   .    .  9. 

On  an  Error  in  the  Computation  of,  by  Harkness  .   .    .31. 
Parkiiukst,  Henry  M.,  Esq.,  New  York,  N.Y. 

Photometric  Observations  of  Asteroids  .   .   .  127. 
Paul,  Prof.  II.  M.,  U.S.N.  Observatory,  Washington,  D.C. 

A  New  Variable  of  Short  Period  in  AntUa  .   .    .  180. 
Phillips,  Prof.  A.  W..  Yale  College,  New  Haven,  Conn. 

Determination  of  Orbit  of  Comet  1880  V,  by  Gibbs's  Vector- 
Metliod  .    .    .  113,  121. 
Photographic  Determinations  of  Star  Places. 

Comparison  of  Reductions,  by  Elkin  ...  33. 

On  tlie  Comparisons  of  Determinations,  by  Gould  .   .   .36. 
Photograpliing  Stars  iu  the  Day-time,  by  Holden  .    .    .73. 
Pleiades,  Comparison  of  Reductions  of  Photographs  with  the  Helio- 

meter-Results,  by  Elkin  ...  33. 
Poor,  Mr.  Charles  Lane,  Johns  Hopkins  University,  Baltimore. 

The  Theory  of  the  Reflex  Zenith-Tube,  and  Discussion  of  the 
Observations  of  y  Draconis  .   .    .  153. 


INDEX. 


197 


I'rinceton,  X.J.  —  Halsted  Observatory. 

Observation  of  Occultation  of  Jupiter  .   .    .  83. 
Observations  of  Comet  d  1889  (1889  V)    .   .   117,  135,  159,  191 
"    Comet/ 1889  (1889 VI)  .    .    .  141. 
Proper  Motions,  On  those  of  Stars  in  the  Albany  Zone,  by  Boss,  57 
On  Systematic  Corrections  to,  by  Boss  .   .   .  1G3. 
"  "  "  "     "   Farquhar  .   .   .  129. 

Proserpina  (Asteroid  no.  26) ,  Observations  at  Cordoba,  by  Thomk,7G 

Q-       . 
Qvnriiv,  Rev.  A.  W. ,  Bryu  Mawr,  I'enn. 
Sun-Spot  Observations  .   .    .  139. 

R. 
Reflex  Zenith-Tube,  On  its  Theory,  by  Poor  .   .    .  1.53. 
ROGKRS,  Prof.  William  A.,  Colby  University,  Wateryille,  Me. 
A  Correction  .   .   .  4+. 

S. 
S AFFORD,  Prof.  T.  H.,  Williams  College,  Williamstown,  Mass. 

Orbit  of  Comet  e  1889  (1889 IV)  ...  70,  79. 
S.  /SajfiMae,  Observations  of  Maxima  and  Minima,  by  Ybsdell,  39, 137 
U  Sagittarii,         "  "        "         "        "        "         "         .   .  134 

V  Sagittarii,  "  "  "  "  "  "  "  .  •  133 
W  Sagittarii,  "  "  "  "  "  "  "  .  .  133 
JT  Sagittarii,         "            "         "  "         "         "  "  .   .  133 

Y  Sagittarii,  "  "  "  "  "  "  "  .  .  133 
Saturn,  On  the  White  Spot  on  Ring  of,  by  Hall  ...  23. 

On  Determination  of  Secular  Motions  in  its  Eccentricity  and 
Perihelion,  by  Hill  .  .    .89. 
Sawyer,  Mr.  Edwin  F.,  Brighton,  Mass. 

On  a  New  Variable  Star  in  Hydra  ( TF)  .  .    .  94. 

Observation  of  Occultation  of  Jupiter  .   .   .96. 

On  a  New  Short-Period  Variable  in  Ophiuchus  (T)  .   .    .  138. 

Some  Observations  of  Variable  Stars  in  1889  .   .    .  1G7. 

On  Paul's  Short-Period  Variable  in  AntUa  (S)   .  .   .  183,  189 
li  Scuti,  Observations  of  Maxima  and  Minima,  by  S.\wyer  .   .   .  168 
"  "        "  "  "        "   Yendf.ll   .   .  137 

Searle,  Rev.  George  M.,  St.  Thomas's  College,  Washington,  D.C. 

Elliptic  Elements  and  Ephemeris  of  Comet  d  1889  (1889  V),   79 

Method  of  Computing  an  Orbit  from  Three  Complete  Obser- 
vations .   .    .  105. 

Elements  and  Ephemeris  of  Comet/ 1889  (1889  VI),   112,  118 

Elliptic  Elements  of  Comet/ 1889,  with  Ephemeris  ...   128 

Table  of  A-log  ;/!/,  for  Argument  h  .   .    .  132. 

Elements  of  Comet  a  1890  .   .    .  183. 
.S'  Serpentis,  Observation  of  Maximum,  by  Yendell  .   .   .40. 
T  Serpenti.s,  Observation  of  Maximum,  by  Yesdell  ...  74. 
Shattuck  Observatory.     [See  Hanover,  X.H.] 
Skinner,  Mr.  \.  X.,  I'.S.X.  Observatory,  Washington.  D.C. 

Observation  of  the  Occultation  of  .Tupiter  .    .    .80. 
Solar  Motion,  On  Constants  of,  by  Boss  .   .   .27. 

A  Determination  of,  by  Boss  .   .    .  161. 
Star-places,  Systematic  Corrections  to,  near  the  Equator, 

by  Boss,  17,  25 

Correction  to  those  of  certain  Stars,  by  Rooers  ...  44. 
Sun,  Determination  of  llie  Motion  of,  by  Boss  .   .    .  161. 

Note  on  Transit-Observations  of,  by  Hirayama  .   .    .  166. 
Sun-Spots,  Observations  of,  by  Dawson  .   .   .  125, 
"  Frost  .    .    .67,  156, 

GUMMERB  ...  23. 

Leavenworth  .   .   .  143. 
(jriMnY  .    .    .  139. 
Venpell  .    .    .99. 


Suspected  Variables,  Observations  of  Brightness  of. 


H  Cephei, 
Lai.  26980 
DM.  55°  2587 
DM.  44°  336^ 
DM.  44=  3402 


by  IIagen 


15. 
118. 


T. 


Thome,  Dr.  John  M.,  Argentine  National  Observatory,  Cordoba. 

Cordoba  Observations  of  r,  Argus  ...  65. 

Observations  of  Encke's  Comet,  Proserpina  and  J\V«6e  .   .  75 
Tides,  Laplace's  Solution  of  the  Tidal  Equations,  by  Ferrel,     41 

Influence  upon  Earth's  Rotation,  by  Ferrel  .   .   .  189. 
ToDHi^'TER,  Mr.  L.  W.,  Haverford  College,  Haverford,  Penn. 

Observation  of  Comet  e  1888  (1889  I)  .   .   .  31. 
Transit-Observations  of  the  Sun,  Note  on.  by  Hirayama  .   .   .  166. 


S  Ursae  Majoris,  Observation  of  Maximum,  by  Yesdell  .   .  22,  127 
T  Ursae  ilajoris,  Observation  of  Maximum,  by  Yesdell  .   .   .22. 


Variable  Stars. 

1090  Algol,  Spectrographic  Observations  of,  by  Vogel  and 
SCHEIXER  .    .    .  136. 

Observations  of  Minima,  by  Hagen  .   .   .  158. 
Ob.servation  of  Minimum,  by  Yendell  .    .    .22. 
3407  S  Antliae,  Discovery  of  its  Variability,  by  Pacl  .   .  ISO 
Observations  of,  by  Sawyer  .   .   .  189. 
Elements  of,  by  Chandler  .   .    .  190. 
"     "   Sawyer  .   .   .  183. 
8230  5  Aquarii,  Observations  of,  l)y  Hagen  .    .    .  157. 
5237  n  Bootis,  Observation  of  Maximum,  by  Yendell  .   .  126 
5190  It  Camelopardalis,  Observations  of  Maximnro.  by  Yen- 
dell .   .    .126. 
2610  iJ  Cant's  Majoris,  Observations  of  Minima,  by  Hagex,  158 
3847  i;  Carinae,  Cordoba  Observations,  by  Thome  .   .   .65. 
8073  <'  Cephei,  Observations  of  Maxima  and  Minima,  by  Yen- 
dell    .   .  138. 
7609  T  Cephei.  Observation  of  Maximuin,  by  Yendell   .   .  74 
320  U  Ciphei.  Observations  of  .Minima,  by  Ykndkll,  22,  81,  ,>>3 

On  the  Light-Variations  of.  by  Chandler  .   .   .  49. 
845  if  Ceti,  t)bservation  of  Maximum,  by  Hagen  .   .   .  158. 
100  7' Ceri,   Observations  of   Maximum    and  Minimum   by 
Hagen  .   .   .138. 
5667  7i'  Coronas  Borealis,  Observations  of   its  Variation,  by 

Sawveu  .   .   .  168. 
5.104  .s'  Commie  Borealis,  Observations  of  its  Variation,  by 
SAWYElf .    .    .  168. 

Observations  of  its  Variation,  by  Yendki.l  ...  40. 
5484  U  Coroiiae  Borealis,  Observations  of  Minima,  by  Yen- 
dell .   .    .  81,  83. 

On  the  Period  of.  by  Chandler  ...  97. 
4407  It  Corri,  OhservHtion  of  Maximum,  by  Yendell  •  ;   .  22 
7437  A' Cy;/H I,  Corrigendum  in  Elements  of ,  by  Ykndku.  .   .  8 

On  the  Variation  of.  by  Yendell  .   .   .  188. 
7488  Y  Cygni.  Observations  of  Minium,  by  Ykndkll  .  22.  166 

EleinoMts  of  Variation,  l)y  Chandler  .  .  .  93. 
7431  ■<>  Diljihini,  Observation  of  Maximum,  by  Ykndki.i..  126 
2815  i'drminorum.  Observation  of  Maxlniuni.  by  Ykndeli.,  H4 
6044  S  Jlirciilis.  Observation  of  Maximum,  by  Ykndeli.,  127 
6202  II  Jlerculis.  Observations  of  .Maxima  and  Minima,  by 
Yendell  .   .   .  137. 


198 


INDEX 


Variable  Stars. 

G512  T  Ilerculis,  Observation  of  Maximum,  by  Ykndei.i.,  74 
4940  Jl' //(/(irac.  Discovery  of  its  Variability,  by  Sawykr,  94 
349;!/;  Leonis,  Observation  of  Maximum,  l)y  Ykndki.i.  .  .  40 
5374  il  Librae,  Observations  of  Minima,  l)y  Yicxdei.i.  .  .  82,  83 
6'9\ li Lyrae,  Observations  of  Maxima  and  Minima,  by  Yen- 
deli.  ...  22. 
2279  T  Monocerotis,  01>servati()ns  of  Maxima  and  Minima,  l)y 
Sawyeh  .   .   .  107. 

Observations  of  Maxima  and  Minima,  Ijy  Yendei.l,    40 
2G76  U  Monoce.rutis,  01)servations  of  Maxima  and  Minima,  by 
H.\(iEN  .   .    .  158. 

Observations  of  Maxima  and  Minima,  l>y  Sawyer,  167 

"  "         "  "  "  "   Yendeli,,   40 

6189  U  Ophiuchi,  Observations  of  Minima,  by  Yendell,  82,83 

5887  V  Ophiuchi,  Observation  of  Maximum,  i)y  Yendell,    74 

6404  Y  Ophiuchi,  Discovery  of  its  Varial)ility,  l)y  Sawyer,  138 

Observations  of  Maxima  and  Minima,  by  Sawyer  .  138 

Klements  of  Variation,  l)y  Sawyer  .    .    .  138. 

I/iglit-table  and  Comparison-stars,  l)y  Sawyer  .   .   138. 

7149  S  Sagittae,   Observations  of    Maxima  and   Minima,  Iiy 

Yendet.i,  ...  39,  137. 
6636  U  Sagittarii,  Observations  of  Maxima  anil  iMIiiima,  by 

Yendei-L  .    .    .134. 
6033  V  Sagittarii,  Ol)scrvations  of  Maxima  and  Minima.  l)y 

Yendbi.l  .    .    .  133. 
6472  W  Sagittarii,  Observations  of  Maxima  and  Minima,  by 

Yendell  .   .    .  133. 
6368  X  Sagittarii,  Observations  of  Maxima  and  Minima,  liy 

Yendeli.  .   .    .133. 
6573  Y Sagittarii,  Observations  of  Ma.xima  an(i  Minima,  by 

Y'endell  .    .    .133. 
6733  M  Scuti,  Observations  of  Maxima  and  Minima, 

l)y  Sawyer  .   .    .  108 

"   Yendell    .    .  137 

5501   S  Serpentis,  Observation  of  Maximum,  by  Yendell,   40 

6624  7'  Serpentis,  Observation  of  Maximum,  by  Yendell,    74 

4557  S  XJrsae  Majoris,  Observation  of  Maximum,  l)y  Yendell, 

22,  127 
4511  T  Ursae Majoris,OhsevvSi\Aor\  of  Maximum,  \iy  Yendell  22 
4521  R  Virginis,  Observation  of  Maximum,  by  Yendell,  74 
4805  W  Virginis,  Observations  of  Maxima,  by  Yendell,  83 
7560  It  Vulpecnlae,    On   tlie   Inequalities   of   its   Period,   by 

Chandler  .   .    .  126. 
7483  T  Vulpecnlae,  Observations  of  Maxima,  liy  Yendell,  137 
On  tlie  General  Relations  of  their  Plienomena,  Ijy  Chandler,  1 
Ephemeris  of  Variables  of  the  Algol-type,  by  Chandler  .   . 
8.  38,  71,  88.  96,  128,  140,  192 
Supplement  to  First  Edition  of  Catalogue  of,  by  Chandler,  185 
Venus,  On  the  Mass  of,  by  Harkness  ...  9, 
li  Virginis,  Oljservation  of  Maximum,  Ijy  Yendell  .    .    .74. 


W  Virginis,  Observations  of  Maxima,  by  Ykndeli,  ...  83. 

Ji  Vulpeculae,  On  the  Inequalities  of  Its  Period,  by  Chandlkk,    P2fi 

r  FM//;eciiIae,  Observations  of  Maxima  ,  l)y  Yendell  .   .    .  137. 


W. 

Wasliburn  Observatory.     [See  Madison,  Wis.] 
Washington,  D.C.,  U.S.  Naval  Observatory. 
Observations  of  Comet  1888  V  .   .   .7. 

"       188911  (6  1889)  ...  7. 
"       18891  (e  1888)  .    .    .48.55,72. 
"      1889  IV  (e  1889)  ...  72,  93. 
"      1889  V  (d  1889)  .    .   . 

72,  93,  112,  127,  132,  135,  105 
"  "         "      ¥.  70  Ophiuchi  .    .    .75. 

"  "        "      Occultation  of  ./upiter .   .   .80. 

"      Comet  18901  (j/ 1889)  .   .    .132. 
"      S.  Antliae  .   .    .  180. 
Position  of  the  26-inch  Kefractor  ...  32. 
Wendell,  Mr.  O.  C,  Ilarv.  Coll.  Observatory,  Cambridge,  Ma.ss. 
Observations  of  Comet  b  1889  (1889 II)  ...  6. 

"  Comet  d  1889  (1889  V)  .    .    .  .56,  09. 
"    Comets  (1887  V,  1888  V,  and  18891)  .    .91. 
"    Comets  /  and  fv  1889  .   .    .159. 
"  "  Comet  rt  1890  .   .    .  183. 

•■    Comet  1886  VII  .   .    .  191. 


Y. 

Yendell,  Mr.  Paul  S.,  Dorcliester,  Mass. 

Observed  Maxima  and  Minima  of  Variable  Stars  in  1888  and 
1889  ...  22. 

Observed  Maxima  and  Minima  of  Variable  Stars,  1888-89,  39 

Some  Observed  Maxima  and  Minima  of   Long-period  Vari- 
ables in  1889  ...  74. 

Observations  of  Variables  of  the  Algul-typc  .   .    .81. 

On  the  Variable  W  Virginis  ...  83. 

Sun-Spot  Oljservations,  February  to  November,  1889  .    .    .  99 

Some  Observed  Maxima  of  Long-period  Variables  .   .    .  126. 

Observed  Maxima  and  Minima  of  Short-period  Variables  in 
Sagittarius  .    .    .  133. 

Observations  of  Variable  Stars  in  1889  .   .    .  137. 

Observed  Maximum  of  U  Geminorum  .   .   .144. 

On  Some  Observed  Minima  of  Y  Cygni .  .   .  166. 

On  the  Variable  Star,  X  Cygni  .   .   .  188. 
Young,  Prof.  Charles  A.,  Princeton,  N.J. 

Occultation  of  Jupiter,  1889  Sept.  3  .    .   .  83. 

Observations  of  Comet  d  1889  (1889  V)  .    .    .  117,  135. 
"         "      /1889  (1889 VI)  .    .    .  141. 


Z. 

Zenith-Tube.     [See  Reflex  Zenith-Tube.] 


T  II  E 


ASTRONOMICAL  JO  U EX AL 


E  D  I T  t:  D     BY 


BENJ.    APTHORP    GOULD 


VOLUME    X. 

MAY,     1890,     TO     APRIL,     1891. 


WITH     OXE     PLATE. 


BOSTON 

1  8  !)  1  . 


CONTENTS. 


No.  CCXVII. 

Invkstioation  ok  Krkohs  IX  Lacaii.lk's  Coei.um  Australe  Stbi.likehiim,  hi,  by  Dk.  B.  a.  Gocld. 

OCCUI.TATION    OF  JUPITKk,    ObsEUVKD    1S89    SEPT.  3,    BY   PrOK.  ORMOSI)    STOXE. 

Observations  of  Comet  d  1889  (Brooks,  July  6),  by  Prok.  E.  E.  Barnard. 
OrisKuvED  Maxima  and  Minima  of  Variable  Stars,  by  Mr.  Paul  S.  Yenuei.l. 
Ei.emknis  of  Co.met  1890  I  (Borrei.i.y),  by  Mr.  II.  S.  Chase. 
SiN-SroT  Observations,  November  1889  to  .Vi-ril  1890,  by  Mr.  Paul  S.  Yendei.l. 

FiLAR-.MlCItOMETEU    OBSERVATIONS     OF   CoMET/1889  (SwIFT,  NoV.   16),  BY    I'ROF.  E.  E.   BaRNARD. 

Elements  and  Ephemeris  of  Come?  o  1890,  by  Mr.  George  A.  Hill. 

New  Asteroids. 

corrigbndu.m. 

No.  ccx\  in. 

On  a  Method  of  Correcting  a  First  Parabolic  Orbit  to  Kepresent  a  Later  Observation,  by  Hev.  (jKn.  M.  Searle. 

Continuation  of  Sun-Spot  Observations,  by  Mr.  William  Dawson. 

Observations  of  Paul's  Algol-Type  Variable  5  Antliae,  by  Mr.  Paul  S.  Yendell. 

Elements  and  Epiiemeris  ok  Comet  o  1890  (Brooks,  March  19),  by  Mr.  W.  W.  Ca.mpbell. 

Observations  of  Variable  Stars  in  1889,  by  Mr.  Edwin  F.  Sawyer. 

Observations  of  Comet  a  1890  (Brooks),  by'  Prof.  E.  Frisby. 

Observations  ok  Comet  a  1890  (Brooks),  by  Prof.  A.  S.  Flint. 

Observations  of  Comet  a  1890  (Brooks),  by  Mr.  W.  W.  Campbell. 

New  Astronomical  Works. 

New  Asteroid. 

No.  CCXIX. 

Investigation  of  Errors  in  Lacaille's  Coei.um  .\ustrale  Steli.iferu.m,  IV.  by  1»u.  B.  .\.  Ghuld. 

Epiiemeris  of  Variables  ok  the  Algol-Type. 

Observations  of  Comet  a  1890,  by 'Prof.  E.  Frisby. 

SPECTRoGRAPiiic  Observations  of  Spica. 

Corrigenda. 

No.  CCXX. 

On  the  Secular  and  Long-Period  Ine(iualities  in  the  Moon's  Motion,  by  Pkof.  .1i>iin  N.  Svockwei.l. 
The  Lunar  Appulse  of  1890  June  3,  by  Prof.  E.  E.  Barnard. 
Observations  ok  Comet  a  1890,  by  Mr.  Edwin  B.  Frost. 
Observations  or  Comet  a  1890,  by  Prok.  E.  Frisby. 

No.  a  XXI. 
On  the  Secular  a.vd  Long-Period  iNEtjUAi.iTiES  in  the  Moon's  Mutiox.  by   I'rof.  .Iohn  X.  Siockwell. 

No.   C'fXXII. 
Tin;  Thick-ness  of  Saturn's  King,  by   Puor.  A.  IIai.i.. 

Observations  of  Variable  Stars  of  the  .\i.goi.-Tyi'k,  by  Mr.  Paul  S.   Yexdki.i.. 
New  Asteroid. 

SuN-SpoT    t)BSERVAITONS,    BY    UeV.   .\.    W.  QUIMIIY. 

Sin-Spot  Observations,  by  Prof.  F.  P.  Leavenwokih. 

Epiiemeris  of  Co.mkt  u  1890  (Brooks,  March  19),  by  .Mi;.  W.  W.  I'ampbli.l. 

S.iLAR  Observations  at  Shattuck  Observatory,  January  to  July  1.s90,  by  Mk   I'.i>wix  B,  Fiii'>r. 


iv  C  O  N  T  ]•:  NTS. 

No.'cCXXIII. 
Positions  ok  Compauisox-Stars  Dktkkmixku  at  Ai.iianv,  iiv  1'uok.  I^uwis  Boss. 
Elkments  and  KriiEMKKis  ov  CoMKT  6  IKOO,  iiY  I'noK.  Lkwis  Boss. 
NOTK  on  TIIK  VaUIAKI.K  StaH   .V  MoNOCKBOTIS,  IIY  Mit.  rAiii.  S.  Ykndkll. 
OnSKKVATIONS   OF   fOMKT  b  1890  (CoGOIA),  BY    Mk.   W.  W.  CaMIMIKM.. 
ril.AIt-MlCItOMKTKH   OBSKUVATIONS   OK   COMKT  6  1890,    BY    I'UOK.    LkWIS    BoSS. 

Obsi;uvatioxs  ok  Co.met  a  1890  (Bkooks),  by  Prok.  K.  Frisiiy. 

Obskrvations  ok  Co.mkt  a  1890,  by  Mary  W.  Wihtnky. 

Comet  6  1890. 

Elements  and  Epiirmehis  ok  Comet  6  1890  (Coggia),  by  Mi:.  William  Bellamy. 

Comet  c  1890. 

New  .Astronomical  Work. 

No.  CCXXIV. 

The  Latitude  of  the  Naval  Observ.itory,  by  Pkok.  A.  Hall. 

Observed  Ma.xisia  and  Minima  of  7" and  f/ Moxocerotis  is  1889-90,  by  Mr.  Paul  S.  Yendell. 

On  the  CoMPur.iTioN  of  Probable  Errors,  by  Prof.  William  Harkness. 

The  .\ugust  Perskids,  1890,  by  Mr.  Edwin  F.  Sawyer. 

Ox  Gore's  New  Variable,  in  Hercules,  by  Mr.  Paul  S.  Yendell. 

Elements  of  Comet  c  1890,  by  Mk.  .Vrmin  0.  Leusciiner. 

Filar-Micrometer  Observations  ok  Comets  6  and  c  1890,  by  Prof.  Lewis  Boss. 

Observations  ok  Comet  a  1890,  by  Prof.  E.  Frisby. 

Observations  of  Eucharis  (181),  by  Prok.  A.  Hall. 

Obskrvatu)ns  ok  Comet  a  1890,  with  the  Washington  Transit-Circlk.  * 

Observed  Maximum  of  It  Hydrae,  1890,  by  Mr.  Edwi.v  F.  Sawyer. 

New  Asteroids. 

New^  Astronomical  Works. 

No.  CCXXV. 

Supple.ment  to  "  Secular  and  Long-Period  Inequalities  in  the  Moon's  Motion,"  by  Prok.  John  N.  Stockwell. 

Comets  1889  I  and  II,  and   Some   Suggestions    as  to  the    Possibility   ok    Seeing  the  Short-Period  Comets  .it  Aphelio.n,   by 

Prof.  E.  E.  Barnard. 
Elements  and  Ephemebis  of  Comet  c  1890,  by  Prof,  Lewis  Boss. 
Observations  of  Comets,  by  Mr.  0.  C.  Wendell. 

On  Photographing  Stars  in  the  Day-Tdie,  by  Prof.  Edward  S.  Holden. 
New  Asteroids. 
Nf,w  Astronomical  Work. 

No.  CCXXVI. 

The  Secular  Varhtion  of  the  ilOTiON  of  the  Moon's  Perigee,  by  Prok.  G.  W.  Hill. 
Observations  of  the  S.vtellites  of  Mars  in  1890,  by  Prof.  A.  Hall. 
Positions  of  465  Comparison-Stars  Determined  at  Albany,  by  Prok.  Lewis  Boss. 
New  Astronomical  Works. 


No.  CCXXVII. 

Positions  of  -165  Comparison- Stars  Determined  at  Albany,  by  Prok.  Lewis  Boss. 

Maxi.ma  and  Minima  of  Variable  Stars,  Observed  ix  1890,  by  Mr.  Paul  S.  Yendell. 

O.v  THE  Gre.\t  Eclipse  .\t  Rome,  B.C.  187  July  17,  by  Prof.  John  N.  Stockwell. 

The  Variable  Stars  7" and  {/Monocebotis,  1889-90,  by  Mr.  Edwin  F.  S-4.wyer. 

Filar-Micrometer  Observations  of  -Comet  c  1890,  by  Prok.  Lewis  Boss. 

Letter  from  Prok.  Ocdemans"To  the  Editor. 

Comet  d  1890. 

Ephemeris  ok  the  Comet  ok  D'.Arrest,  by  Rev.  G.  M.  Searle. 

Filar-Micrometer  Observations  of  Comet  d  1890,  by  Prok.  E.  E.  Barnard. 

Two  Hundred  Ninety- Ninth  Asteroid. 

New  .Astronomical  Work. 


C  O  N  T  E  NTS. 

No.  CCXXVIII.  • 

Observations  of  the  Satem.ites  ok  Maio,  by  Prof.  Jamks  E.  Keei.kr. 

Note  on  tub  Action  of  Jupitkk  in  1886  upon  Comet  <?  1881),  by  Mr.  Charles  Lane  1'oor. 

On  the  Keuiscovery  of  U'Aruest's  Comet,  by  Trof.  K.  E.  Barnard. 

ErnEMERis  of  Variables  of  the  Alool-Tvi'e. 

ErHEMKRLS   OF    .S'AnTLIAE,    BY    Mr.   S.  C.  CHANDLER. 

FiLAR-MlCItOMETEU   OBSERVATIONS   OF   COMET  C  18U0,  BY   PltOF.  E.  E.   UaRNARD. 

Errata  in  Folie's  Precession  Tables,  by  Mr.  Sidney  J.  Lochner. 

CoRRKiENDU.M. 


No.  CCXXIX. 

On  the  Kelaiive  Kefrangibility  of  the  Lioht  of  Mars  and  Stars,  by  Dr.  W.  L.  Elkin. 

ElMIEMERIS   OK   CoMET  a  1890,    BY   Mr.  W.   W.  CaMI'BELL. 

Observed  Maxtma  and  Mini.ma  of  Variable  Stars,  by  Mr.  Paul  S.  Yendell. 

Observations  of  Co.mkt  d  1890,  by  Prof.  E.  Frisby. 

Filar-Micrometer  Observations  of  Comet  &  IsOo,  by  Prof.  E.  E.  Barnard. 

New  .\stehoids. 

Comet  e  1890. 

The  Nove>hier  Leonids,  1S90,  by  Mr.  Edwin  F.  Sawyer. 

Corrections  to  Chauvenet's  Astronomy,  by  Prof.  Herbert  .A.  Howe. 

Observation  of  Comet  e  1890,  by  Mr.  O.  C.  Wendell. 

Contributions  to  the  Knowledge  of  the  Inequalities  in  the  Periods  of  the  Variable  Stars,  bt  Mr.  S.  C.  Chandler. 

Observations  of  Comet  «  1890,  by'  Prof.  E.  Frisby. 

Continued  Epiiemeris  of  Co.met  d  1890,  by  Uev.  G.  M.  Searle. 

Comet/ 1890. 

Notice. 

CoRRIGENDU.M. 

Advertisement. 

No.  CCXXX. 

The  Cf)Ri)OBA  Dirchmustering,  by  Dr.  John  M.  Thome. 

Filar-Micrometer  Observations  of  Comets  1890  (Zona),  by  Prof.  E.  E.  Barnard. 

King-Micrometer  Observations  of  Comet  c  1890,  by  Prof.  .L  K.  Uees  and  Mr.  Harold  .Iacobv. 

On  the  I{e<)bservatii>n  of  Comet  1889  V,  by  Prok.  E.  E.  Barnard. 

Ephe.meris  of  Comet   1889  V,  by  Mr.  Wili.lvm   Bii.iamy. 

Comet  e  1890,  by  Kev.  Geo.  M.  Searle. 

Comet/  1S90. 

No.  CCXXXI. 

On  the  Theory  of  the  Moon's  Motion,  by  Prof.  John  N.  .Stockwell. 

Light-Variations  ok  ,S' Persei  and  7'Arietis,  between  the  Years  1883  and  1888,  BV  Uev.  John  G.  Haoen. 

Os'  THE  Present  .Vspect  of  the  Problems  Concerning  Lexell's  Co.met,  by  Mr.  S.  C.  Chandler. 

Comets  e  and  f  1890,  bv  Prof.  E.  V..  B arnauh. 


No.  CCXXXII. 

Laplaoe's  Solution  of  the  Tidal  Imjuations,  bv  Prof.  Wiluam  Feurel. 

Observations  of  Comets,  by  Mr.  o.  ('.  Wendell. 

Observaitons  of  /i'  IIerculis,  by  Prok.  A.  Hall. 

On  Jupiter's  Perturbation  ok  Comet  1889  V  in  VXl'i,  by  .Mr.  S.  C.  Chandler. 

Filar-Mk-rometer  Observations  of  Co.met/ 1890,  by  Prok.  E.  E.  Barnard. 

Fll.AU-.MlCROMETER   OBSERVATIONS    OF    D'AHRKST'S   CoMRT,    BY   PUOK.  OlOIOND   SToNK. 

Observations  of  Comet  e  1890,  by  Prok.  E.  Frisi(y. 

FlI.AR-MlCUOMETEU   OBSERVATIONS   OF   CoMET  C  1890,    UY    ProF.   E.  E.   BaRNARD. 

Ellipitc  Elemenis  ok  Comet  189i)/,  by  Uev.  (i.  ^L  Sevrle. 
Epiiemeris  of  Variables  of  the  Algol-Type. 
CoilRKiENDA  in  No.  'I'.W. 


vi  C  O  N  T  K  N  T  S  . 

.  No.  CCXXXIIl. 

On  the   UkDUCTION  of  ASTHOSOMICAI,   PiIOTOGBAPHIC  MlCASl/llBS,   IJY    M|{.    UaHOI.I)  Jacoiiy. 
NoTK   ox   TIIK   ELKMKNT8   OK    I'CVGNI,    BY   Mil.   I'aI'I,   S.  YF.NDKI.L. 
On   TIIK    I'KHIOD   OK   2100    (/ OltlDNI.S,    UV    .Mr.  S.  C.   CnA.NDI.KK. 

Obsehvations  ok  Vaiuaui.k  Stais-s  in  1890,  by  Mit.  ICdwin  V.  Sawyku, 

ELK.MENTS   and   El'IlEMKItlS    OK    CoMET  C  1890,    BY    Mit.   \V.   W.  CaMI'UKI.I.. 

GnEENWicii  Mk.vn  Time  ok  the  Conjunction  ok  Jupitku's  Satbi-utes   Uki.ative   to   JurnKit'.s  Ei<uatok  .v.s   ihky  may  »k  .Seen 

KKOM  THE  EaUTH  IN  JaNUAUY,  1891,  BY  ReV.  A.  FRKEMAN. 

Note  on  Obseuvation  ok  Si'itai.eu's  Comet,  by  Mk.  O.  C.  Wenueli.. 

FlI.AU-MlCUO.METEIl   OBSERVATIONS   OK    COMET  d  1890,    BY   1'ROF.  ORMONI)    SlONE. 

Note  on  Comet  1889  V,  by-  I'liOK.  E.  E.  Barnahd. 
Corri<;eni)u.m. 

No.  CCXXXIV. 

A  Study  of  the  Discrepancies  between  Tabular  and  Obseuved  Solar  Po.sitions  1SO0-188G,  by  Mr.  orray  Takt  Sherman. 

Observations  of  jSAnti-iae,  by  Prok.  H.  M.  Paul. 

SuN-SroT  Observations,  by  Prok.  F.  P.  Leavenworth. 

Elements  and  Epiiemeris  ok  Comet./  1890,  by  Uev.  G.  .M.  Sicahi.e. 

New  Astronomical  Works. 

Cokricenda. 

ccxxxv. 

On  the  Mean  and  Secular  Motion  ok  the  Moon's  Perigee,  by  I'unv.  .Jmix  N.  Stock  well. 

On  the  Period  of  466  FPiscium,  by  Mr.  Henry  M.  Parkiiurst. 

Observed  Maxima  and  Minima  t>K  Shout-Period  Variables  in  Sagittakius,  by  Mr.  Paul  S.  Yenuell. 

Observations  ok  Comet/ 1890,  by  Prok.  E.  E.  Barnard. 

Orbit  of  the  Companion  ok  Sirius,  by  Mr.  Cihui.es  P.  Howard. 

Filar-Micrometer  Observations  ok  Comet  e  1890,  by'  Prok.  E.  E.  Barnard. 

FiLAR-MlCRO.METER    ObSKRV.VITON.S   OK   COMET  €  1890.    BY'   ProK.   MiLTON    L'PDEGRAKF. 

Ephbmeris  OK  Comet  1880  V,  by  Mr.  William  Bellamy. 
Corrigenda. 

No.  CCXXXVI. 

Definitive  Orbits  or  the  Companions  of  Comet  1889  V,  by-  Mr.  S.  C.  Chandler. 
Observed  Maximo.m  of   J/Geminord.m,  by  Mr.  Paul  S.  Yendell. 
Kphemeris  ok  Comet/ 1890,  by  Mr.  George  E.  Whitaker. 
Corrigendum. 

No.  CCXXXVI  I. 

Definitive  Orbits  ok  the  Companions  ok  Comet  1889  V,  by-  Mr.  S.  C.  Chandler. 

On  the  Correction  ok  Photographic  Measures  for  Hekraction,  by-  Mr.  Harold  Jacoby. 

Sus-Spot  Observations,  by  Rev.  A.  W.  Qui.mby-. 

Filau-Micrometer  Observations  of  Comet  e  1890,  by-  Prok.  Or.mond  Stone. 

On  the  Orbit  of  Comet  1887  IV.  by-  Mr.  S.  C.  Chandler. 

Filar- Micrometer  Observations  ok  Comet  rf  1890,  by  Prok.  Ormond  Stone. 

New  Asteroids. 

New  Astronomical  Work. 

Corrigenda. 

No.  CCXXXVIII. 

A  Method  for  Determining  the  Columation  ok  the  Portable  Transit  Instrument,  by  Prok.  JIilton  Updegrakk. 

Observations  of  the  Variable  {/Piscium  (Ch.  466),  by  Mr.  S.  D.  Tow-xley-. 

On  the  CALCULA'rioN  of  Star-Places  for  Zenith-Telescope  Observations,  by'  Mr.  Harold  Jacoby-. 

On  the  Light- Vari.\tions  of  XCy-gxi,  by-  Mr.  Paul  S.  Yendell. 

On  the  Period  of  UOvaoms,  by-  Mr.  J.  E.  Gore. 

Ephemeris  for  the  Return  of  Wolf's  Periodic  Comet  18S4  III,  by  Prof.  E.  E.  Barnard. 

Elements  ok  Comet  1890  IV,  by-  Mr.  Edwin  B.  Frost. 

On   the  RF^"t.\ClTOX-CORRECTION   OF   PHOTOGRAPHIC   MEASURES,    BY-   Mu.   S.  C.  CHANDLER. 
^COJffiTS  OI^IDS. 

^.      ..    A«-     THE  Ye.\R    1890. 
>,EW    At- 

i'RONOMiCAL  Work. 


CONTENTS. 
No.  CCXXXIX. 

SOUTHKKN    VaUIAUI.K   StaUS   OBSERVED   IN    188!)   AND    1890,    BY    Rkv.    JoHN   G.    HaGEN. 

On  the  Kigokous  Computation  of  Dii-fbuential  Rekuaction,  by  Mn.  S.  C.  Chandler. 

Observed  Maxima  and  Minima  of  Variable  Stars,  1890-1891,  by  Mr.  Paul  S.  Yendell. 

Kphemeris  of  Variables  ok  the  Algol-Type. 

Note  on  Zenith-Telescope  Star-Corrections,  by  Mr.  Harold  Jacoby. 

Comet  «  1891. 

New  Asteroid. 

New  Astronomical  Work. 

Advertisement. 

Corrigenda. 

No.  CCXL. 

On  the  Rectification  of  Chronology  by  Means  of  Ancient  Eclipses,  by  Prof.  John  N.  Stockwell. 

Discovery  and  Observations  of  Comet  a  1891,  by  Prof.  E.  E.  Bahnard. 

Observation  of  Comet  a  1891,  by  Prof.  E.  Frisby. 

Note  on  Photographic  Refractions,  by  Mr.  Hakold  Jacoby. 

Three  Hundred  and  Tenth  A.steroid. 

Elements  of  Comet  a  1891,  by  Mr.  William  Bellamy. 

New  Astronomical  Works. 

Corrigendum.  . 


THE 


ASTRONOMICAL    JOURNAL. 


No.  217. 


VOL.  X. 


BOSTON,     18«0    MAY    8. 


NO.  1. 


IXl'^ESTIGATIOX    OF 
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III. 


Catalojiue-position. 

C.  .\. 

Arg.  Gen.  Catal.  for  Equinox  1750.0 1 

No. 

R.A. 

N.P.D. 

No. 

Mag 

a 

d 

4900 

11  36  49.0 

140    4  11 

pige 

73 

Assume  ingress  at    1137  52    instead  of    1138  7, 
wUich  gives  the  position     llh  36""  41"  7,     50=  1'  47' 

16141 

8J  11  36  42.0 

50    1  11 

49 IC 

11  39  \o:.^ 

138  10    0 

72 

Assume  ingress  at     11  3!)  15     instead  of     11  38  15, 
whicli  gives  the  position     1 1''  39'"  41-.3,     48°  0'  8" 

16201 

8     11  39  39.8 

48    0  40 

4030 

11  41  40.7 

1 24  32  46 

109 

Assume  ingress  at    114011     instead  of    11  40  2fi, 
which  gives  the  position     lit-  41™  32'.9,     34°  35'  48' 

16242 

8i  11  41  34.7 

34  36    4 

1 

A  4955 

11  45  33.8 

116  15  44 

129 

Cannot  be  reconciled  without  changes  in  both  moments. 
Assume  ingress  at    11  43  49    instead  of    11  44  4,    and 
egress  at  "ll  47  11     instead  of     11  47  IG.     Then  we 
have  the  position     11''  45'"  23\T,     StP  17'  57' 

16337 

73  11  45  24.2 

26  17  39 

4964 

11  46  27.5 

124    4  20 

109 

Assume  ingress  at     11  47  5     instead  of     11  46  20, 
which  gives  the  position     ll'-  4t;'"  50».6,     33°  55'  3' 

16375 

7^  11  46  51.2 

33  55    0 

4968 

11  46  45.5 

166    8    4 

17 

Reducing  for  the  upper  part  of  tlie  reticule,  we  have  the 
position     11''  40'"  42-.3,     7G°  25'   14' 

163.58 

6f  11  46  36.4 

76  25  59 

5011 

11  53    4.2 

142  49  12 

67 

Assume  ingress  at     1 1  54  52     instead  of     1 1  54  32, 
which  gives  the  po.sition     ll""  53"'  13-.9     52°  52'  14'  — 
being  that  of  no.  5014. 

16514 

73  11  53  13.6 

52  51  57 

5022 

11  54    4.0 

121  28  57 

115 

Assume  ingress  at    11  54  58    instead  of    11  53  .58, 
which  gives  the  position     ll^  54'"  34-.8,     31°  IC  14" 

16.i.->3 

8    11  54  34.1 

31  16    8 

5052 

11  58  12. S 

132  58  37 

89 

Assume  ingress  at    11  5(;  5(!    instead  of  11  5t>  26, 
which  gives  the  position     11''  5S'"  28-.3.     42°  53'  14' 

16641 

7     1158  32.2 

42  53  21 

A  5074 

12     1  47.2 

117  39  18 

129 

.Assume  ingress  at     12  1   11     instead  of     12  0  21, 
which  gives  the  posiliou     I'."'  2'"  ll-.C,     27°  50' 26', 

16731 

6J  12    2  11.8 

27  50  41 

5096 

12    6  33.3 

177    8  45 

1 

Both  moments  appear  to  be  recordeil  about  6"'  too  late. 
See  no.  3274,  observed  on  tlie  same  night. 

16709 

6i  12    0    4.1 

87     1  25 

5117 

12    8  54.5 

127    8  46 

102 

Assume  Ingress  at    12  6  15    instead  of     12  5  45. 
which  gives  the  position     12''  9"'  9".9,     37°  2'  51' 

16855 

8    12    9    9.3 

37    3  41 

1 

5169 

12  16    8.9 

144  42     1 

61 

The  stars  came  rapidly  here  and  four  successive  egresses 
arc  serlouslv  wrong.     .Assume  egress  at     12  19  0    in- 
stead of  1221  10,  which  gives  tlie  position  12''  15'"  2'.8. 
55°  1'    10' 

16992 

^  12  15    2.5 

55    0  49 

5175 

12  16  49.0 

144  59    8 

61 

Assume  egress  at    12  10  53    instead  of    12  20  .J3, 
which  gives  the  position     12"  16'"  18".5,     55'  7'  52' 

17014 

6    12  16  16.7 

55    8  24 

5178 

12  17  10.5 

145    7  18 

61 

The  egress  (recorded  2'"  too  early)  is  interchanged  with 
that  of  no.   5190.     Correcting,  we  have  the  position 
V>^  18"'  30'.3,     54°  44'   15" 

17078 

7    12  18  27.8 

54  44  45 

A5179 

12  17  16.3 

119  30  16 

123 

Assume  ingress  at     12  16  45     instead  of    12  15  45, 
which  gives  the  position     12''  17'"  4i;-.9.     29°  17'  24' 

17050 

8_V  12  17  46.9 

29  17  33 

A  5187 

12  17  56.9 

119  48  50 

123 

Assume  Ingress  at     12  16  43     Instead  of     12  15  43, 
whicli  gives  the  position     12''  18'"  27-.4.     29-  36'  1' 

17071 

7     12  18  28.5 

29  35  51 

5190 

12  18  43.1 

144  48    3 

61 

Assuming  egress  of  no.  517S  Increased  by  2'",  wc  have  the 
position      12''  18'"  24'.3,     54°  53'  34'!      Were  the  in- 
crease by  1"'  55"  wc  should  liavc  the  position  12'>  18<"  21>.8, 
54°  54'  18' 

17074 

11  12  18  20.6 

54  54  15 

T  HE    A  S  r  K  O  N  O  M  1  C.A  L     J  O  U  U  X  A  I> . 
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Catalogue-position. 

C.A. 

Arg.  Gen.  Catal.  for  Eqn 

nox  1750.0 

No. 

R.A. 

N.P.U. 

No. 

Mag 

a 

S 

A  5225 

12  24  31.4 

115  45  35 

p«Ke 

129 

See  AuoKL.vxoKR's  note,  Bonn  Obs.  VII,  p.  128; 
d  Jlydrai: 

17185 

5^  12'24"'3l!l 

25  45  22 

i 

A  6232 

12  26  38.0 

118  19  15 

129 

Assume  inftress  at     12  2C  34     instead  of     12  2f.  44, 
wliicli  gives  the  position     12''  26">  32".y,     28°  17'  2" 

1  7235 

73  12  26  33.7 

28  16  41 

5235 

12  27    6.3 

1 78  23  29 

1 

Both  moments  appear  to  be  recorded  about  13'"  too  late. 
Tlie  observations  of  polar  stars  1752  Jan.  29  seem  un- 
trustworthy iu  general. 

17241 

7j  12  23  40 

88  25 

A  6295 

12  37    4.7 

119  12  28 

123 

Can  only  be  reconciled  by  diminishing  both  moments  l)y 
5\     See  Argei.ander's  remarks,  Bonn  Obs.  VII,  241. 

17468 

7|  12  37    0.0 

29  1 2  37 

A  5329 

12  42  29.6 

120    8    9 

123 

Assume  egress  at     12  46  5     instead  of     12  4G  0, 
which  gives  the  position     12i'  42"'  32M,     30=  7'  4" 

17683 

7     12  42  31.6 

30    7  16 

5333 

12  43  17.1 

136    6  30 

79 

Interchanging  the  times  of  egress,  we  llnd  the  positions 

175S5 

7     12  42  35.4 

46  19  34 

5334 

12  43  27.7 

135  29  23 

121'  42".  37..0,         40^  19'  24" 
12    44        5  .(i,          4.-)    42    38 

1 7635 

7    12  44    6.7 

45  42  24 

A  5365 

12  48  20.0 

119  26  39 

123 

Assume  ingress  at     12  4ij  47     instead  of     12  46  57, 
which  gives  the  position     12''  48'"  15».5,     29°  28'  48". 

17725 

7i  12  48  14.1 

29  28  48 

5439 

12  59  12.2 

131     9  47 

97 

Assume  egress  at     13  1  38     instead  of     13  2  38, 
which  gives  the  position     12''  58'"  41».0,     41°  21'  12" 

17968 

6J  12  68  37.9 

41  21  51 

6477 

13    4    2.7 

167  37  35 

13 

Assume  both  moments  10»  earlier  than  recorded,  which 
gives  the  position     13''  3"'  52«.6,     77°  38'  38"— being 
that  of  no.  5473,  observed  also  on  p.  17  as     13''  3'"  54».9, 
77°  39'  IG" 

18163 

8i  13    3  53.5 

77  37  47 

5481 

13    5    6.0 

169  19  23 

33 

Assume  ingress  at    13  3  23    instead  of     13  4  23, 
which  gives  the  position     13''  4"  35«.7,     69°  14'  2" 

18141 

7|  13    4  32.1 

69  13  28 

5537 

13  12  19.8 

138    3    6 

72 

Assume  ingress  at     13  16  8     instead  of     13  15  58, 
which  gives  the  position     13"  12'"  24'.7,     48°  4'  44" 

18294 

6J  13  12  22.6 

48    4  19 

5699 
5602 

13  22  21.7 
13  22  36.2 

130  64  28 

131  29  36 

97 

The  recorded  egresses  of   these  stars  are  to  be  inter- 
changed, that  given  for  no.  5602  increased  by  5".  The  in- 
gress of  no.  5602  is  assumed  as     13  22  20     instead  of 
13  22  30.     These  changes  give  the  positions 

13''  21'"  44'.8,         41°     7'  44" 

13    23      9  .8,        41     13    39 

18496 
18527 

7i  13  21  44.9 
8     13  23    9.2 

41     7  37 
41  13  44 

5601 

13  22  20.0 

131  31  29 

97 

Assume  iugre-ss  as  recorded  10'  too  late,  like  that  of  no.    18506 
5G02,  which  was  but  1'  later.     This  gives  the  position 
13''  22'"  25*.  2,     41°  29'  37"                                                             ; 

7     13  22  25.4 

41  29  37 

5672 

13  31  54.0 

171  41    2 

9 

Assume  egress  at     13  4111     instead  of     13  4121,             1886): 
which  gives  the  position     13''  31'"  49».7,     81°  40'  25" 

7f  13  31  49.1 

81  40  36 

6694 

13  36  54.9 

167  21  50 

17 

Assume  ingress  at     13  37  46     instead  of     13  37  51.            18896 
which  gives  the  position     13''  35'"  53-  1,     77°  21'  17" 

6i  13  35  53.2 

77  20  55 

A  5701 

13  36  17.0 

118  44  48 

123 

Assume  ingress  at     13  37  4     instead  of     13  36  29,              18801 
which  gives  the  position     13''  36'"  34-.9,     28°  37'  10" 

8    13  36  34.1 

28  37  19 

A  5703 

13  36  30.2 

119  56    5 

122 

Assume  egress  at     13  40  20     instead  of     13  40  30,              18799    7     13  36  26.3 
which  gives  the  position     13"  36'"  25M.     29°  57'  17" 

29  67    7 

A  5709 

13  37  37.1 

120    6  43 

122 

I  find  no  plausible  mode  of  reconciling  these  observa- 
tions except  by  arbitrary  change  of   both  moments. 
Assuming  ingress  15%  and  egress  5N  earlier  than  recorded, 
we  should  find  the  position     13''  37'"  27».2,     30°  4'  31". 
There  can  be  little  doubt  as  to  the  star  which  has  no 
large   proper   motion.     See  Argelaxder,   Bonn  Obs. 
VII,  128. 

18832    7^  13  37  26.4 

30    4    1 

6731 

13  39  44.2 

143  11  41 

63 

Am  unable  to  reconcile  these  observations  with  any  ex- 
isting star.     The  egress  of  no.   5705  was  noted  at  the 
instant  given  for  the  ingress  of  this. 

6741 

13  40    9.3 

142  63  36 

63 

Another  observation  of  no.  5738,  observed  1752,  Feb.  11. 
Both  moments  appear  to  be  nearly  3»  too  late. 

18901 

6^  13  40    7.0 

52  63  29 

5751 

13  41    1.7 

120_54    1- 

122 

Assume  ingress  at     13  41  54     in.stead  of     13  42  4, 
which  gives  the  position     13''  40'"  5 6*. 9,     30°  51'  51" 

18902 

7i  13  40  56.7 

30  51  30 

6752 

13  41  25.4 

136  31  34 

79 

Assume  egress  at     13  44  20     instead  of     13  45  20, 
which  gives  the  position     13"  40"'  56*.3,     45°  21'  14" 

1891£ 

6|  13  40  56.9 

45  21    2 

5766 

13  41  64.0 

135  18  59 

79 

Assume  egress  at     13  44  11     instead  of     13  45  11, 
which  gives  the  position     13''  41"'  24*. 7,     45°  8'  33" 

1892S 

7    13  41  22.9 

45    8  62 

5762 

13  42  23.6 

151  26  52 

45 

Wrongly  reduced  in  British  edition.     The  place  should 
be  given  as.  13''  42"'  23».6.     61°  32'  48" 

18971 

7^  13  42  22.7 

61  33    0 
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Catalogue-position. 

C.A. 

! 

Arg.  Gen.  Catal.  for  Equinox  1730.0  | 

No.           n.A. 

N.P.D. 

No. 

Mag          a 

6 

5767    13  43    7.7 

t>      f      ir 

123  28  11 

115 

Assume  egress  at     13  44  4    instead  of    13  45  4, 
wlucli  gives  the  position     13''  42'"  SG'.'J,     33^  40'  42' 

18943 

7^  13  42  35.6 

33  40    3 

5806    13  50  33.2 

153  54  33 

39 

Wrongly  reduced  in  British  edition.     The  place  should    19239 
be  given  as     V.i''  .55'"  2l:'J,     04'  57'  30"                               i 

7J  13  55  25.7 

64  57  47 

5846    13  57  13.7 

1.55  23  55 

39 

Wrongly  reduced  in  British  edition.     The  place  should   1928C 
be  given  as     IS""  57'"  17*.4,     G5^  23'  55"                             1 

6i  13  57  16.4 

65  24  10 

5887    14    4  27.4 

131  56  21 

'97 

Assume  egress  at     14  6  10    instead  of    14  5  55,               19371 
which  gives  tlie  position     14''  4'"  35'.2,     41''  53'  34' 

6i  14    4  35.0 

41  53  33 

M5900    14     C  24.1 
M5942    14  11  43.5 

A  5926    14    9  58.7 

155  37  52 
15C  23    9 

118  30  28 

39 

128 

Interclianging  times  of  egress  of  these  two  stars,  we 
liave  the  positions 

14h     ym  22«.8,         65°  25'  31' 
14     10     44.  7,         6G    34    33 
Assume  ingress  at     14  10  53     instead  of     14  10  43, 
which  gives  tlie  position     H>>  10'"  3".8,     28'  28'  17' 

19491 
19578 

19499 

7    14    7  20.7 
^  14  10  50.1 

8;^  14  10    4.2 

65  25    1 

66  34  39 

28  28    6 

M5974    14  16  58.4 
5989    14  19  21.3 

145  26  56 
128  26  30 

63 
103 

Wrongly  reduced  in  British  edition.     Tlie  place  should 
be  given  as     14''  17'"  2S-.2.     55'  2G'  57' 

I  cannot  explain  this  observation  without  assuming  errors 
everywhere.     Yet  if  we  could  suppose  it  made  in  the 
lower  part,  with  ingress  at   14  16  8   instead  of   14  IC  3, 
and  egress  at    14  21  5    instead  of    14  20  10,    we  should 
obtain  the  position    W'  19"'  52".7,    37-  23'  22',   or  Z.C. 
XIV,  1771. 

19709    7    14  17  25.8 
Z.C.1771  8    14  19  53.1 

55  26  37 
37  23  27 

M6006    14  21  28.0 

173  44  57 

9 

Interchanging  times  of  egress,  we  have  the  positions  of 

20034 

6     14  20  56 

82    951 

M6009    14  21  54.2 

172  18  56 

9 

TT,  and  TTj  Octantis 

14''-  20'"  58».8,         82'    9'     5' 
14     24     13.4.         81    .58    40 

20104 

6    14  24  10 

81  59    7: 

6043    14  26    0.5 

131  46  20 

97 

Assume  egress  at     14  28  IG     instead  of     14  27  54, 
which  gives  the  position     14''  26"'  11'.9,     41'  42'  12' 

1988S 

74  14  26  12.1 

41  41  56 

6059    14  27  51.3 

155  30  52 

39 

Wrongly  reduced  in  British  edition.     The  place  should 
be  given  as     14''  27"'  56\2,     G5'  30'  53' 

19980   6    14  27  57.2 

65  31  10 

6078  14  30  26.7 

6079  14  30  28.9 

6112    14  35    8.6 

148  18  42 
148  21  15 

121  11  14 

57 

51 

115 

These  are  two  observations  of  the  same  star.     Assume 
on  p.  57,     14  30  14     instead  of     14  30  4,     and  on  p.  51, 
14  29  41     instead  of      14  29  36.      These  give  the  po- 
sitions 

14''  30'"  31«.3,         58°  20'     1' 
14    30     31.5,         58    20    36 
.\ssume  egress  at     14  37  55     instead  of     14  3G  55, 
which  gives  the  position     14''  35'"  37".9,     31°  23'  59' 

20022    7    14  30  31.8 
20102    7*  14  35  34.8 

58  20  22 
31  24  24 

6150    14  40  57.1 

1(U    9  40 

27 

Assume  egress  at     14  4G  46     instead  of     14  46  56,           !20331     7J  14  40  51.9 
which  gives  the  position     14''  40'"  52".0,     71°  10'  32'     \ 

71  10  26 

6167    14  42  58.8 

160  53    7 

27 

Assume  egress  at    14  50  19     instead  of    14.50  29,            20379    6J  14  42  53.1 
which  gives  the  position     14"  42'"  53'.6.     70°  54'  0' 

70  53  53 

A  6210    14  49  11.5 

116  50  49 

129 

Reducing  for  the  lower  part,  we  have  ttio  position              20426    7+  14  49  12.2 
14''  49'"   12».5,     27°  3'  59' 

27    3  44 

M6244    14  54  27.4 

115  37  19 

135 

Assume  ingress  at     14  54  12     instead  of     14  54  42,           2053 
which  gives  the  position     14''  54'"  12'. 7,     25'  SO'  32'     { 

■    74  14  54  13.4 

25  31  10 

M6250    14  55  20.2 

112  45  10 

135 

Wrongly  reduced  in  British  edition.     The  place  should 
be  given  as     14''  55'"  20-. 2,     23'  1'  9" 

2055 

'    6J  14  55  19.5 

23    0  42 

6283   14  59  50.8 

131  55  39 

99 

Assume  ingress  at     14  56  31     instead  uf    14  59  31, 
which  gives  the  position     14"  58'"  25'.7,     41°  21'  48' 

2064 

8    14  58  24.4 

41  21  48 

6321    15    4  47.7 

155    6  52 

39 

Assume  egress  at     15  11  46     instead  of     15  10  46, 
which  gives  tlic  position     15''  5'"  15'.3.     65'  12'  4G' 

20840    7    15    5  20.4 

65  12  30 

6364    15    9  37.3 

125  19  23 

111 

Tlie  ogresses  for  nos.  6364,  6372  and  6374,  are  confu.sed 
in  llie  record.     .Vssume  liere     15  12  13,     as  given  for 
no.  6374,  and  we  have  the  position  15''  9'"  39'.9,  3.5°  18'  20' 

20869    7J  15    9  39.7 

35  17  31 

6371    15  10    6.2 

156  33  23 

39 

.Assuming  egress  at     15  11  52     instead  of     15  10  47, 
we  have  the  position     15''  lO'"  JOM,     66°  26'  .W 

2097; 

5    7J  15  10  41.2 

66  27  10 

6372    15  10  12.8 

125  36  57 

111 

.Vssume  ogress  at     15  12  .1,     as  given  for  no.  6364,  and 
ingress  at     15  7  33     instead  of     15  7  43.     The  result- 
ing position  is  then     15''   10'"  ir.O,     35°  33'  39' 

2088- 

?    8     15  10  11.0 

35  34    9 

6374    15  10  43.3 
6376    15  11  25.0 

125  45  11 
125  51  21 

111 
111 

Assume  egress  at     15  12  2,    as  given  forno.  G372,  and 
wo  have  the  position     15''   10'"  24".  1.     35'  41'  17' 

Assume  ogress  at     15  12  35     Instead  of     15  12.10, 
which  gives  the  position     15''  11'"  22'.4,     35°  53'  23' 

20892    7     15  10  23.6 
20909    6     15  11  22.8 

35  41  38 
35  52    7 
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Catalogue-position. 

C.A. 

Arg.  Gen.  Catal.  forEqninox  1750.0 

No. 

R.A. 

N.P.D. 

No. 

IVIag 

a 

3 

M6420 

15  19     7.2 

O          /         It 

114  19  19 

P«Kl! 

135 

Reducing  for  upper  part  of  reticule,  we  Hiul  the 
position     l.->i'  19'"  (!M,     'J+=  14'  41" 

21077 

7i  l,Vl9 

7.0 

24  14  43 

640-2 

15  22  40.1 

131  57  42 

99 

Assume  insrcss  at     15  22  21     instead  of     1.")  22  11. 
wliicli  gives  tlie  position     l.".i'  22'"  55".C,     41°  55'  44". 
Anotlier  observation  of  no.  G453. 

21195 

7+  15  22 

55.0 

4  1  55  33 

A  6454 

15  23    2.7 

117  18  59 

128 

Assume  ingress  at     15  21  0     instead  of     15  20  50, 
whicli  gives  tlie  position     15i'  23'"  7".6,     27°  21'  14" 

21180 

6i  15  23 

7.5 

27  21  42 

6460 

15  23  43.2 

179  30  45 

1 

Star  was  li  Octantis,  and  the  instrument  was  evidently 
much  out  of  the  meridian. 

29042 

6i  15  37 

3 

89  30  10 

6467 

15  24  23.6 

124  22  34 

111 

Assume  egress  at     15  26  45     instead  of     15  25  45, 
which  gives  tlie  position     15''  24'"  52M»,     34°  34'  45" 

21231 

7^  15  24 

52.6 

34  35  27 

A  6485 

15  26  13.3 

118  26  39 

125 

Assume  egress  at     15  26  51     instead  of     15  2C  46, 
which  gives  the  position     15''  26'"  15».8,     28°  27'  46" 

21249 

7i  15  26 

16.6 

28  28  13 

A  6502 

15  29    7.1 

119  46    1 

125 

Assume  ingress  at     15  26  46     instead  of     15  26  16, 
which  gives  the  position     15''  29'"  21".9,     29°  52'  38" 

21326 

7i  15  29 

20.4 

29  52  19 

6505 

15  30  12.1 

126  19  54 

111 

Assume  egress  at     15  31  19     instead  of     15  30  19, 
which  gives  the  position     lo'"  30'"  42«.8,     36°  7'  44" 

21359 

7|-  15  30  41.7 

36    7  52 

6593 

15  41     4.0 

151  47  21 

41 

Assuming  egress  at     15  44  36     instead  of     15  44  26, 
which  gives  the  position     1,5''  41'"  9».0,     61°  48'  28". 
Another  observation  of  no.  6.595. 

216.59 

6}  15  41 

8.0 

61  48    9 

6661 

15  48  38.5 

142  13    8 

69 

Assume  ingress  at     15  47  3     instead  of     15  46  3, 
which  gives  the  position     15''  49'"  6».5,     52°  22'  29" 

21813 

7|  15  49 

3.8 

52  22  30 

6676 

15  50    3.7 

145  22  34 

63 

Wrongly  reduced  in  Britisli  edition.     The  place  should 
be  given  as     15'"  50'"  54».7,     55°  22'  35" 

21867 

7i  15  50 

53.6 

55  22  45 

M6740 

15  58    9.6 

118  17  17 

125 

Wrongly  reduced  in  British  edition.     The  place  should 
be  given  as     15''  58'"  lO'.l,     28°  23'  17" 

21970 

7\  15  58 

9.9 

28  23  27 

M6741 

15  58  13.8 

119  22  30 

125 

Typographical  error  in  British  edition.   The  place  should 
be  given  as     15''  58'"  13«.8,     29°  32'  29" 

21973 

7J  15  58  14.2 

29  32  48 

6742 

15  58  19.2 

147  17  37 

5 

Assuming  both  of  Lacaille's  moments  as  1'"  too  late, 
we  have  the  position     15'>  57"'  19'.2,     57°  17'  37" 

22009 

7|  15  57 

20.3 

57  16  57 

OCCULTATION   OF   JUPITER,   OBSEE^^ED  1889  SEPT.  3, 

at  the  leandeh  m''cormick  observatory  of  the  university  of  viroixia, 
By  ORMOND  stone. 
Local  Sid.  Time 


1.     Satellite 

2. 

3.     Jupiter, 

4. 

5.     Satellite 

6. 


Ill,  disappearance, 

II, 

1st  coutact, 

2d 

I,  disappearance, 

III,  reappearance. 


20  18  14.5 

20  22  54.3 

20  28  41.1 

20  30  49.0 

20  31  19.3 

21  13  3.4 


Local  Sid.  Time 


7.  Satellite  IV,  reappearance, 

8.  Jupiter,  3d  contact, 

9.  "       4th       " 

10.     Satellite  I,  reappearance, 

Phenomena  6,  7,  8  and  9  a  little  late, 
refractor,  magnifviug  power  175. 


21  17  6.9 
21  18  31.2 
21  20  23.2 
21  20  .50.4 
Instrument :  26-iu. 


COMET  d  1889 

By  E.  E.  B 

The  excessiveh'  cloud3'  weather  that  has  marked  the  winter 
throughout  at  Mt.  Hamilton,  has  prevented  my  obtaining 
many  observations  of  this  comet.  Since  its  important  nature 
was  made  known  by  Mr.  Chandler,  I  have  observed  it  on 
every  occasion  that  it  could  be  seen. 

In  the  last  few  observations  the  comet  has  been  extremely 
difficult  because  of  its  faiutness,  and  the  presence  about  it 
of  the  zodiacal  light. 

In  the  March  observations  nothing  was  visible  of  the 
comet  except  the  slight  central  condensation  that  had  pre-   I 


{BROOKS.  July  G), 
ARNARD. 

viously  marked  the  brightest  part ;  this  was  scarcely  over  5" 
or  6''  in  diameter.  The  comet  looked  like  a  very  small  indefi- 
nite nebula,  and  though  difficult  to  see,  it  could  be  bisected 
with  great  exactness  on  account  of  its  small  size. 

From  the  time  of  the  discovery,  on  August  1,  of  the  com- 
panions that  attended  this  comet,  until  their  disappearance, 
they  were  observed  every  night  that  they  could  be  seen  with 
the  great  telescope.  The  nearer  companion  B  was  observed 
for  distance  and  position-angle  on  twenty-three  nights,  and 
the  distant  companion  C,  on  flfty-uine  nights.     The  first  of 
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these  companions  was  last  seen  on  September  5,  while  the 
distant  one  was  observed  last  on  November  25,  when  it  was 
at  the  limit  of  visibility  in  the  great  telescope.  It  had  theo 
approached  the  main  comet  to  within  2.50",  or  a  less  distance 
than  when  discovered,  the  maximum  distance  (357")  being 
attained  about  the  twentieth  of  September.  The  observed 
change  of  distance  was  mainly  due  to  perspective.  From 
the  3d  of  August  to  Nov.  25  the  position-angle  of  this  com- 
panion did  not  change  more  than  2°. 

The  observation  of  November  1 1  was  obtained  by  a  care- 
fully noted  central  occultation  of  a  13"  star  by  the  comet's 
nucleus  while  measuring  the  companion   C  with  the  great 

Ml.  Hamilton,  ISStO  Airril  3. 


telescope.  The  cloudy  weather  prevented  any  observatioD 
for  the  position  of  the  small  star,  though  it  was  carefully 
located,  and  will  be  observed  with  the  12-inch  as  soon  as  it 
is  visible  in  the  morning  sky.  In  reference  to  this  occul- 
tation, I  feel  positive  that  the  nucleus  blotted  out  the  star. 
For  a  few  seconds,  there  was  a  diminution  of  the  light  at  the 
point  of  nucleus  and  star ;  the  light  then  reappeared,  and 
the  star  and  the  nucleus  were  seen  separate  shortly  after. 
I  was  certain  of  the  diminution  of  the  light,  but  whether  due 
to  the  interference  of  the  nucleus  or  to  the  rather  poor  see- 
ing, it  was  not  possible  to  tell. 


FILAR-MICROMETER   OBSERVATIONS   OF   COMET  rf  1889  {Brooks,  July  v,, 

MADK    WITH   TIIK    12-I.NCn   EQUATOKIAL   OF   THE   LICK    OBSERVATOKY, 

By  E.  E.  BARNARD. 


1889  Mt.  Hamilton  M.T. 

* 

No. 
Comp. 

-* 

#'sa 

pparent 

logpA 

for  a   1   (or  i 

d 

h   m   I 

n 

a 

1       a 

h   n 

« 

o    r    ff 

July  8 

14  50  23 

1 

8  ,  6 

+  3 

21.48 

—10  18.9 

23  46 

26.03 

—  8  55  57.1 

«9.321 

0.797 

9 

13  58  13 

1 

14  ,  6 

+  4 

20.13 

—  4  31.9 

23  47 

24.72 

—  8  50  9.9 

n9.474 

0.758 

10 

14  37  54 

1 

8  ,  6 

+  5 

21.45 

+  1  29.6 

23  48 

26.06 

—  8  44  8.2 

W9.342 

0.792 

23 

13  4(5  29 

2 

10  ,  6 

+  0 

32.62 

—  1  22.6 

23  59 

23.23 

—  7  36  6.3 

n9.389 

0.783 

Aug.  1 

13  14  2 

3 

12  ,  6 

—0 

47.37 

+  4  7.2 

0  4 

25.2 

—  7  48.8 

«9.382 

0.782 

<; 

12  46  19 

4 

12  ,  6 

+  1 

45.09 

—  3  7.8 

0  6 

31.05 

—  6  38  21.1 

»9.422 

0.777 

18 

11  58  8 

5 

3 

+  0  59.1 

—  6  11  51.2 

0.776 

12  17  21 

5 

12 

—2 

1 .59 

0  8 

11.61 

H9.373 

21 

11  38  31 

5 

10  ,  6 

—2 

16.61 

+  6  34.5 

0  7 

56.66 

—  6  6  15.4 

»9.455 

0.772 

25 

12  59  10 

6 

3 

—  6  1.6 

—  5  57  42.2 

0.775 

13  20  45 

6 

8 

-1-2 

30.61 

0  7 

10.60 

H8.663 

29 

11  43  2 

6 

12  ,  6 

+  1 

20.42 

—  2  36.8 

0  6 

0.46 

—  5  54  17.4 

»9.322 

0.776 

31 

12  16  24 

6 

14  ,  6 

+0 

35.06 

—  0  0.2 

0  5 

15.12 

—  5  51  40.5 

»i9.114 

0.777 

Sept.  2 

10  21  32 

6 

16  ,  6 

—0 

13.30 

-f  2  19.0 

0  4 

26.80 

—  5  49  21.0 

n9.505 

0.765 

Oct.  10 

9  41  41 

7 

12  ,  6 

+  1 

9.72 

-1-  0  41.1 

23  42 

53.5 

—  4  30.2 

n8.924 

0.769 

11 

7  55  53 

7 

12  ,  6 

+  0 

49.56 

-k-   4  30.2 

23  42 

33.4 

—  4  26.4 

n9.439 

0.763 

28 

11  48  46 

8 

12  ,  6 

—1 

37.05 

-1-  0  26.4 

23  40 

35.2 

—  2  49.1 

9.476 

0.750 

11  48  46 

9 

12 

—  1 

15.99 

23  40 

35.3 

9.476 

Nov.  9 

10  35  2 

10 

10  ,  6 

+  2 

26.78 

—  5  11.8 

23  44 

30.12 

—  1  27  37.6 

9.400 

0.739 

10  35  2 

n 

10 

+  1 

56.67 

23  44 

30.06 

9.400 

10 

8  33  43 

10 

10  ,  6 

+  2 

55.05 

+  2  8.8 

23  44 

58.38 

—  1  20  17.0 

8.342 

0.741 

8  33  43 

11 

10 

-!-2 

25.03 

23  44 

58.41 

8.342 

11 

7  20  42 

12 

0.00 

0  0.0 

n9.089 

0.739 

15 

10  12  45 

13 

10  ,  6 

—1 

8.48 

—  7  50.2 

23  47 

.59.55 

—  0  38  3.8 

9.393 

0.732 

21 

7  50  44 

14 

8  ,  3 

+  1 

38.89 

+  0  4.8 

23  52 

19.1 

+  0  13.9 

8.462 

0.725 

24 

10  20  54 

15 

12  ,  4 

+  0 

33.07 

+  0  5.3 

23  54 

59.7 

+  0  43.0 

9.507 

0.717 

Dec.  12 

9  34  1 

16 

3 

—  6  24.5 

+  3  31  54.7 

0.698 

15 

8  16  4 

17 

18  ,8 

—0 

15.21 

+  1  0.8 

0  18 

2.66 

+  4  15  9.1 

9.288 

0.697 

Jan.  8 

8  36  26 

18 

12  ,  6 

+  1 

43.14 

+  3  22.0 

0  52 

31.61 

+  8  41  18.5 

9.521 

0.656 

10 

10  0  49 

19 

16  .  6 

—0 

10.98 

—  4  32.2 

0  55 

46..S8 

+  94  27.8 

9.640 

0.666 

21 

8  4  58 

20 

7  ,  7 

—0 

46.98 

—  4  32.7 

1  13 

37.66 

+  11  7  38.3 

9.520 

0.629 

Feb.  7 

8  25  14 

21 

2 

+  0 

34.19 

1  43 

3.6 

9.610 

7 

8  19  9 

21 

3 

—  4  23.1 

+  14  14.5 

0.626 

i) 

7  51  .52 

22 

5 

—  3  46.8 

+  14  36  14.5 

0.624  1 

i) 

8  12  14 

22 

42 

—0 

0.74 

1  46 

37.27 

9.483 

1 

Mar.  12 

S  43  48 

23 

8  ,  6 

-^2 

19.68 

+  3  18.7 

2  44 

11.82 

+  19  43  .S5.7 

9.690 

0.672  1 

1.! 

8  18  39 

24 

10  ,  5 

■) 

29.09 

—  3  4.6 

2  46 

4.49 

+  19  52  26.6 

9.684 

0.643  ' 

1-1 

8  4  54 

24 

16  ,  7 

—0 

35.23 

+  5  40.3 

2  47 

58.34 

+  20  1  11.4 

9.677 

0.629 

20 

8  24  13 

25 

8  ,  6 

+1 

36.99 

—  9  37.9 

2  59 

32.13 

+  20  52  50.7 

9.694 

0.660 
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Mean  Places  for  1889  and  1890  of  Comparison- Stars. 

Red.  to 

Red.  to 

* 

a 

app.  place 

8 

app.  place 

.\utliorlty 

1 

h       ni        • 

23  43     3.51 

f  +l'.04) 
1  +1.11  j 

—  8  45  47.5 

f  +   9.3  ) 
■    +   9.7  1 

W.B.,  XXIII  847 

2 

23  58  49.21 

+  1.40 

—  7  34  55.1 

+  11.4 

W.B.,  XXIII  1170 

3 

0     5  11.0 

+  1.60 

—  7  53.1 

+  12.5 

SDM.,  —8°  10 

4 

0     1  44.23 

+  1.73 

—  6  35  26.0 

+  12.7 

Sciijelleriii)  29 

5 

0   10   11.24 

(  +1.96) 
t  +2.03  \ 

—  6   13     4.5 

f  +14.2) 
1+14.6} 

i(P:ii-is  20;) +  2' 15) 

6 

0     4  ;?7.87 

(+2.12) 
1  +2.23  ] 

—  5  51   55.4 

(+14.8) 
1+15.4  1 

i(P:iiis  83  +  .Scbj.  27) 

7 

23  41  41.4 

f  +2.42  1 
1  +2.43} 

—  4  31.1 

+  15.5  ) 
■    +15.4; 

SDM.,— 4°5955 

8 

23  42     9.8 

+  2.36 

—  2  49.7 

+  15.1 

SDM.,— 3^5706 

! 

9 

23  41  49.9 

+  2.36 

—  2  50.6 

+  15.1 

SDM.,— 3°5704 

10 

23  42     0.89 

+  2.45 

—  1   22  40.7 

+  14.9 

U2Yar.  10778+ W. I',., 

XXIII  817) 

11 

23  42  30.94 

+  2.44 

—  1   23  28.4 

+  14.9 

W.H.,  XXIII  830,001111 

.with  No.  10* 

12 

Star  13-^' 

13 

23  49     5.78 

+  2.12 

—  0  30  28.5 

+  14.9 

Yaiuall  10846 

U 

23  50  38.0 

+  2.17 

+   0  13.6 

+  14.5 

DM.,  +0°5070 

15 

23  54  24.4 

+  2.18 

+   0  42.7 

+  14.7 

DM.,  +0°5078 

16 

0  10  15 

+   3  38     4.7 

+  14.5 

.Sclijellerup  69 

17 

0  18   15.77 

+  2.10 

+   4   13  53.8 

+  14.5 

Conip.  with  W.B.,  0''  i 

I't 

18 

0  50  49.51 

—1.04 

+   8  38     2.1 

—  5.6 

W.B.,  0  851 

19 

0  55  58.44 

—1.08 

+9     9     5.6 

—  5.6 

W.B.,  0  944 

20 

1   14  25.71 

—  1.07 

+  11    12  16.4 

—  5.4 

B.B.,  +iri69 

21 

1  42  30.6 

—1.17 

+  14   19.0 

—  5.2 

DM.,  +11°  281 

22 

1   46  39.20 

—1.19 

+  14  40     6.0 

—  4.7 

B.B.,  +14°  294 

23 

2  46  32.84 

—1.34 

+  19  40  21.8 

-  4.8 

B.B.,  II  1075 

24 

2  48  34.92 

(-1.34) 
1— 1.35| 

+  19  55  35.9 

{--\l\ 

W.B.,  II  1122 

25 

2  57  56.54 

—1.40 

+  21     2  32.5 

—  3.9 

W.B..II  1343 

•Star  11  — Star  10,.   J«  =  +0™  30".O3  (10),     J5  =  —0'  47".7  (3) 
tStar  17—  W.B.,  O  217,     Ja  =  +3"'  32».60  (4)  ;     J5  =  +4'  6".0  (2). 
A  9". 2  star  was  observed  at  the  same  time;  followin;;  is  its  position  : 

Star9".2— W.B.,  O  217,     Ja  =  +2'"  27».50  (4); 
Hence,  star  9m.2  (1889.0)  a  —  0"  17"'  10Mj7,     (5  =  +4°  9'  47".i 
The  observations  of  this  comet  were  all  made  in  the  manner  described  in  tlie  observations  of  Fate's  comet  {A.J.  196).     One  revo- 
lution of  the  micrometer-screw  =  14". 037  ±0".001.     Tlie  observation  of  July  23  was  made  with  the  same  micrometer,  in  the  Gi-inch 
equatorial,  during  the  temporary  derangement  of  the  12-inch.     On  this  instrument  the  value  of  the  screw  was  ==  34 ".20.     Ou  Dec.  12, 
the  sky  clouded  before  the  observations  could  be  completed. 


^/(t  =  ±0'  0".0,  same  parallel. 
!  =  DM.,  3=36  (9>'.5) 


OBSERVED  MAXIMA   AND  MINIMA   OF   VAEIABLE   STARS, 

By  P.iUL  S.  YENDKLL. 


li  Lyrae. 
A  series  of  92  observations  of  this  star,  from  1889  April 
22  to  Dec.  23,  shows  three  maxima,  and  as  many  minima, 
us  follows  : 

Maxima  Minima 

1890  June  10         4''!2  1890  May  21         5^5 

Oct.   27         4.25  July     8         5.2 

■      Dec.  10         4.2  Nov.  25         5.2 

The  magnitudes  given  above  indicate  a  considerably  greater 
light-range  than  is  usually  attributed  to  this  star  ;  they  are 
careful  estimates  from  the  DM.  magnitudes  of  the  compari- 
son-stars ;  the  strong  red  color  of  R,  however,  renders  all 
such  estimates  open  to  question. 

Dorchester,  1890  April  23. 


U  Orionis. 
From  1889  Nov.  14  to  1890  Jan.  28,  35  observations  of 
this  star  were  secured  ;  when  first  seen  it  was  fainter  than 
the  teuth  magnitude,  and  from  this  time  until  Dec.  7  its  in- 
crease was  slow  ;  after  this  date  it  rose  more  rapidly,  attain- 
ing a  maximum  of  6'". 4  in  1890  Jan.  3  ;  its  decline  from  this 
date  was  about  as  rapid  as  its  increase,  but  interrupted  by  a 
secondary  maximum  of  6". 7  about  Jan.  20,  according  to  my 
observations. 

R  Leonis. 
R  Leonis  has  been  observed  21  times  from  1890  Jan.  13 
to  April  11.     A  maximum  is  indicated  ou  Feb.  20,  when  the 
star's  light  was  4.5  steps  >  18  Leonis,  or  5". 8. 


N"-  217. 
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ELEIVIEI^TS   OF   COMET  1890  I  {borbellt), 

By  Ensign  H.  S.  CUASK,  U.S.  Navy. 
[  Communicated   by  the  Superintendent.  ] 


Tbe  followiug  elements  of  this  comet  liave  been  computed 
from  the  two  Marseilles  observations  of  Dec.  12,  1889  ;  the 
Munich  observations  of  Dec.  21,  and  the  Ann  Arbor  obser- 
vations of  Jan.  3,  1890. 

T  =   1890  Jan.  26.26037'3  Wash.  M.T. 
n  =  208°  15'     6".8") 
Q,  =      8     17    11  .2  W890.0 
i  =    56     42    25  .4 ) 
log  q  =  9.430882 
Naval  Observatory,  1890  A2:>ril  9. 


The  middle  place  is  represented  as  follows  : 

cos(3.4/  =  +1".4,         Jji  =  — 1".4 

The  values  of  the  equatorial  rectangular  coordinates  for 
the  mean  equinox  1890.0  are 

X  =  [9.996828]  r  sin (294°  32'  10".7-l-i;) 
ij  =  [9.326191]  rsin(238  33  51  A+v) 
z  =  [9.993294]  r  sin (203    18    18  A+v) 


SUN-SPOT   OBSERYATIOXS,   NOVEMBER 

By  PAUL  S.  YEXDELL. 


1889   TO  APRIL   1890, 


The  observations  here  given  are  in  continuation  of  the 
series  heretofore  published  in  Vols.  VIII  and  IX  of  this 
Journal.     They  have  been  much  interrupted  by  unfavorable 


weather  and 
unchanged. 


illness.     The  conditions  of  observation  remain 


Date 

C.M.T. 

6ps. 

Sps. 

Date 

C.M.T. 

Gps. 

Sps. 

Date 

C.M.T^  '  r;,,. 

Sps. 

Date 

C.M.T. 

Gps. 

Sps. 

1889 

I89U 

IK» 

Nov.  1 

22  15 

0 

0 

Nov.  25 

20  45 

0 

0 

Jan.  22 

22  u 

u 

0 

Mar.  3 

20  40 

0 

0 

3 

20  45 

0 

0 

23 

21  15 

0 

(1 

6 

20  30 

0 

0 

5 

20  30 

0 

0 

Dec.  1 

21  15 

0 

0 

24 

20  30 

0 

(1 

9 

20  35 

1 

5 

7 

23  15 

0 

0 

4 

20  45 

0 

0 

27 

21  15 

0 

0 

12 

21  15 

0 

0 

10 

20  45 

0 

0 

12 

20  45 

0 

0 

16 

20  25 

0 

0 

11 

21  0 

0 

0 

15 

21  15 

0 

0 

Feb.  3 

21  15 

0 

0 

17 

20  25 

0 

0 

13 

20  45 

0 

0 

20 

21  0 

0 

0 

9 

22  45 

(1 

0 

19 

20  25 

0 

0 

14 

21  45 

0 

0 

13 

22  15 

0 

u 

23 

20  25 

0 

0 

15 

20  45 

0 

0 

Jan.  13 

21  0 

0 

0 

18 

21  15 

0 

0 

26 

20  15 

0 

0 

20 

20  45 

0 

0 

21 

21  0 

0 

0 

20 

20  30 

0 

0 

30 

20  35 

u 

0 

NOTES. 


1889  Nov.  3.  Seeing  very  good.  —  Nov.  5.  Seeing  bad.  —  Nov.  IG 

and  20.  Seeing  bad. — Dec.  i  Seeing  poor;  thin  cloud. — Dec.  12. 

Seeing  very  poor.  —  Dec.  15.  Seeing  very  bad ;  in  lee  of  chimney.  — 

Dec.  20.  Seeing  good.  —  1890  Jan.  13.  Seeing  poor. —  Jan.  21  and 

Boston,  1890  Ajvil  22. 


23.  Very  liad.  — Jan.  24  aud  25.  Fair.  —  Jan.  L'T.  Very  t)ad ;  cold. 
Feb.  10  and  U.  Seeing  poor.  —  March  3.  Very  bad ;  hazy.  —  March 
e.  Very  bad ;  temperature  outside  -)-«".  —  March  23.  Very  bad ;  ol>- 
servation  nearly  worthless,  —  Miu-ch  20  and  30.  Good. 


rn.AR-MICRO:METER   OBSERVATIOXS  OF   COMET/"  1889  (Sir/Fr.  v«r.  ic), 


1890  Mt.  Hamilton  M.T. 


Jan.  10     8  43  30 
21      9  45  41 


madk  with  tiik  12-incil  eqdatouial  ok  thk  lick  obseuvatoky, 
By  E.  E.  BARNAKD. 

o/"s  apparent 


Xo. 
Conip. 

12  ,  8 

8  ,  8 


^— * 


log  PA 


Ja 


J8 


+  0  21.66 
—0  52.64 


+  1  .i8.1 
—6  14.7 


1  27  29.63     +26   16   16.7 

2  7  20.80     +28     4  44.8 


9.528 
9.645 


0.380 
0.453 


3Iefm  Places  fur  1S90.0  of  Comparison-Stars. 

.\nthoritv 


Hcd.  to 
O  app.  pliui. 

l"27"'   8. '89  — o'.92 

2     8   14.48  —1.04 


+  26   14     6.6 
+  28  10  49.5 


Ued.  to 
app.  place 

+  12.0 
+  10.0 


Weisse's  Bessel  I.  .">.")  I 
"     II.  13S 


January  21.     Tlie  declination  is  better  than  the  right-ascension.  I       These  two  observations  were  the  only  ones  permitted  by  the  con- 
Observations  interrupted.     The  comet  very  faint.  I    tluuous  cloudy  weatlicr,  except  those  published  In  .1../.  207-209. 
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ELEMENTS   AND   EPHEMERTS  OF   COMET  a  ISOO, 


From  au  oliservatioii  by  Mr.  Wknuell  oh  March  "21,  and 
two  by  Prof.  Fuisby,  on  Miirch  20,  and  April  1,  I  liave  com- 
puted the  following  set  of  elfincnts,  and  an  ephunicris  for 
Comet  a  18110  (HiiooKs). 

T—  1890  Jnne  1.811  I  (J.M.T. 
gi   =  320°  26'     H) 
(o  =     69     18    11  [  18110.0 
i  =  120    43    .SD) 
log  q  —  0.278946 

Jl  cos  (3  =  — 2".o,         .Jfi  =  ■ — 3.2 
Ephemkkis  for  Gkeenwich  Midnight. 


By  GKOKGK  a.   HILI,. 
Date 


Bate 

A  pp. 

« 

A  pp.  S 

logr 

lojf  A 

Br. 

1890  May 

1 

20  58 

42 

+  29  58 

0.2879 

0.2777 

2.46 

2 

57 

30 

30  50 

3 

56 

17 

31  42 

4 

55 

0 

32  34 

5 

53 

43 

33  26 

0.2858 

0.2593 

2.71 

6 

52 

30 

34  19 

7 

51 

16 

35  13 

8 

49 

47 

36  5 

9 

48 

10 

36  58 

0.2840 

0.2454 

2.91 

10 

46 

24 

37  53 

11 

44 

27 

38  49 

12 

20  42 

21 

+  39  44 

1890  Mav  13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
May  31 
June  1 
2 


A  pp.  K 

h         III        • 

20  40  4 

37  37 

35  1 

32  15 

29  22 

26  29 

23  20 
19  56 
16  18 
12  30 

8  23 
20  3  57 
19  59  16 

54  25 

49  10 

43  32 

37  27 

31  1 

24  10 
16  56 

9  17 


19 


A  pp.  fl 

+  40  41 

41  39 

42  37 

43  35 

44  33 
46  31 

46  30 

47  30 

48  29 

49  27 

50  26 

51  24 

52  22 

53  19 

54  15 

55  9 

55  59 

56  38 

57  9 
57  42 

+  58  11 


0.2824 


0.2285 


3.i: 


0.2195  3.31 


0.2801   0.2085  3.51 


0.2793   0.2003  3.66 


0.2790   0.1950  3.76 


0.2789   0.1971  3.72 


The  unit  of  brightness  is  taken  from  the  date  of  discovery 
of  the  comet. 


Was7iiiic/ton,  D.C. 


NEW  ASTEROroS. 


A  small  planet  of  the  13th  magnitude  was  discovered  by  Palis.v  at  Vienna,  in  the  position 

1890  April  25.4568  G.M.T.         a  —  14"  21'"  7'.7,         fi  =  —11°  6'  29" 
Daily  motion,  — 15'  in  «.  and  5'  northward. 

A  second,  of  the  12th  magnitude,  was  found  by  Palis.\  on  the  same  night,  in  the  position 

1890  April  25.4643  G.M.T.         a  =  U"-  19"'  37«.0,         5  =  —10°  40'  1" 
Daily  motion,  — 17'  in  «,  and  1'  southward. 

The  latter  is  supposed  to  be  no.  155,  Scylla. 


CORRIGENDUM. 


No.  215,  p.  180,  col.  2,  line  .5,     for    0".011r    put    0".012t,     and  inclose  the  whole  formula,  after  the  negative  sign,  in  brackets. 
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OX  A  I^IETHOD  OF  CORRECTING  A  FIRST  PARABOLIC  ORBIT  TO  REPRESENT 

A  LATER   OBSERVATION, 

By  Rev.  GEO.  M.  SE.4RLE. 


Ill  uo.  20G  of  the  Astronomical  Journal,  a  method  was 
given  of  eoniputiug  a  first  approximate  parabolic  orbit,  which 
lias  the  advantage  of  dispensing  with  the  separate  calcula- 
tion of  tlie  two  radii-vectores  for  the  extreme  places,  and  of 
making  the  formula  for  the  time-equation  more  simple.  As 
some  inaccuracy  may  hoAvever  be  introduced  (consiilering 
the  very  short  intervals  here  concerned)  by  the  calculation  of 
some  small  quantities  by  the  difference  of  larger  ones,  the 
following  set  of  formulas  will  probably  be  more  reliable. 

In  the  first  place,  a  and  b  are  computed  from  the  observed 
places  by  the  expressions 

a  =  sin  (P." — L')  — m'  taufj" 
b  =  m' tauji — sin(/. — L') 

ill  wiiicli     m'  =:  sin(J.' — L')  cotp' 

111  these,  we  have  omitted  A",  as  all  we  need  is  the  quo- 

tlL'llt 

« 

We  have,  then,  as  usual,  for  the  ratio  of  the  curtate  dis- 
tances, 

f—t'     b_ 
V  —  t     a 
We  now  compute 

e  =  cos(P." — J.)  4- tan  (^  tan/' 
_  R  C08{)."—L) 

e 
,_RR"cos{L"—L) 
e 

„ R"  cos  (A — L") 

e 
J/ sin  (G—L)  —  R"  s\a(L"—L) 
g  003(0— i)  =  R"  cos{L"—L)  —  7i'     , 
f/'=  4(7  sin(A| — (i)  sill  ^(P." — /.) 

(/"=  g  C0S{)."—0) 

ill  which    /!,  =  i(;."-f-;i) 


3/ 


Then      (,j  =  4  sin-  ^(/." — I)  +  sec-fi  sec'^'  sin-(^ — ^) 
6'  =  k(tf'—t) 

With  our  value  of  Jtf,  let  /i  =  2(1— Jf).  For  the  short 
intervals  concerned,  n  will  almost  always  be  a  small  quantity, 
and  usually  positive. 

Compute  now    e^,  =  e —     seep 

£-f  £"       e"     II 

i  =  t'o  +  ;i  e„ 

I 

These  quantities  are  obtained  very  expeditiously,  on  ac- 
count of  the  small  value  of  /j. 

Our  trial  equation  is  now     K-'r,  =  2^'-' 
iu  which 
and  /•,  is  got  by 

V" 


tau  Y  = 


K' =  jr+  ip(p+(i) 


tan  2/'  =:  — ,     )•„  =:  r,  sec/',    a."  =:  • 


'  P  —  Po  sin  Y 

For  the  trial,  p  is  taken  as  the  variable. 
The  trial  ccpiatiou  being  approximately  solved,  make 

and  J  from  .c  by  the  small  table  (A.J.  206). 

For  the  accurate  solution  of  the  trial-equation,  now  make 

"     _      -^" 
•■■■'■'  — A- see/' 

For  sec./''  we  should  write,  for  perfect  precision, 
cos/'.i;  sj  sec  2/'     here,  and  above  for  r„. 

From  p  and  p"  =  ^fp,  the  elements  are  computed  as 
usual.  Should  we  wish  to  vary  -V,  we  shall  only  have  to 
repeat  the  computation  of    e^,  p„,  it,  i,  and  rf. 
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A  more  accurate  value  of  M  will  probably  be  obtained  by 
the  expression 


h        N—rN" 


in  which  p  and  also     r  =: 


Up 

r"sin(('" — r') 


taken  from  the 


r  sin(D' — v) 
orbit  as  obtained,  and 

iV=  li"  sin(L"— L'),     N"  =  11  sh\{L'—L). 

In  this  we  have  struck  out  Ji'  from  iVand  A""',  as  it  has 
been  struck  out  from  a. 

This  last  process,  however,  will  principally  be  available 
when  we  wish  to  correct  the  first  approximate  orbit  (for 
computing  which  the  first  value  of  3/ will  probably  amply 
suttice),  by  the  help  of  a  subsequent  observation. 

Let  this  subsequent  observation  be     I'"  |3"'  &c. 


Now  let 
and 
in  which 


in  which 


a  =  m'"  tan  (3"  —  sin  (J," — L'") 
h  =  m'"  tan  ^  —  sin  (A — L'") 
i"'  =  sin(r"— L"')  cotfi'" 


M=z  V-  + 

a 

N=  R"  sin(L"'- 


N—vN" 

Op 

—L")        N" 
sin(v'" — v") 


R  siu(L"'— 7>) 


r  sin(i'"' — v) 

the  latter,  as  well  as  p,  being  obtained  from  the  orbit  as 
computed. 

This  value  of  3/ we  simply  bring  in  as  a  new  hypothesis 
in  our  previous  computation. 

It  siiould  be  remarked  that  the  formula  above,  tan  '2f'  =  - 

of  course  is  by  no  means  an  accurate  one ;  it  always  gives 
too  large  a  value,  the  accurate  expression  being 

cos/' 


tan  2/'  = 


V  k'  —  (»'" — »']° 


>"i  V  COS  if 

And  when  r"  —  r  has  a  considerable  value  relatively  to 
K,  or  in  other  words,  when  the  comet  is  far  from  perihelion, 
the  inaccuracy  of  course  is  very  marked.  But  in  this  case, 
2/'  for  a  first  computation  for  small  intervals  will  come  out 
very  small,  even  by  the  formula  ;  and  its  secant  will,  after 
all,  not  depart  so  much  from  the  true  value.  In  the  example 
given  below,  the  value  of  see/'  by  this  formula  is  0.000036, 
the  true  value  being  0.000032.  In  this  case  the  true  anomaly 
is  about  39°. 

If,  however,  we  should  find  on  beginning  the  computation 

of  the  elements,  that  sec/'=^  ^ —  gives  a  notably  different 

value,  another  trial  can  be  mitde  in  a  few  moments  with  this 
right  value  and  the  correct  value  of  p  obtained.  Of  course 
no  difficulty  will  arise  when  the  question  is  of  computing  a 
corrected  orbit  by  means  of  a  new  observation  in  the  manner 
just  described ;  as  we  shall  usually  in  this  case  have  a  suf- 
ficiently good  value  of/'  for  the  purpose. 


The  following  example  of  Comet  a  1890  will  show  the 
practical  working  of  this  process.  The  first  three  observa- 
tions, reduced  to  longitude  and  latitude,  are 


1800  G.M.T. 

Mar.  21.9042 
2-1.0248 
24.9039 

These  give 
e  =  1.169155, 

log 


321  57  58 

322  23  27 
322  33  54 


■¥-l\  \i  2 
+  22  35  57 
+  22  56  52 


h 

1  44'40" 

3  50  46 

4  43    0 


loi;  n 

9.998724 
9.998984 
9.999092 


+  0.643918,    log  £'  =  9.929859, 

9.195042,      3=  =  0.0026776,     (/'  = —0.0008283, 

+  0.0006736.     These  are  unaf- 


logjr"  =  >i8.51950,      i 
fected  by  changes  of  M. 

The  first  value  of 

,L  z=  +0.06264, 
n  =       0.449580, 


is    0.96868,      giving 


e„  =  +0.008352,      p„  = +0.854048, 
log  i  —       7.07802,         d  =  —2.4232. 

From  these  we  have  p  =  2.415,  and  the  following  ele- 
ments, for  1890.0  : 

T  —  June  3.4296  G.M.T. 
Q,   =  320°  45'  48" 
oj  =     74       0    48 
i  =   122       0    22 
log  q  =  0.251150 

An  observiitiou  of  Mar.  30  afterwards  comes  in,  as  follows  : 

Gr.M.T.  /.  3  L  log  Jl 

Mar.  30.8702  323°  46'50"  +25°  30' 25"  10°  36' 40"  9.999823 

The  elements,  compared  with  this,  give  (O — C) 

Jl  cos  p'  =  +  67"         Jp  =  +  1 02" 

The  value  of  71/ resulting  from  this  observation  witli  tlie 
V  and  p  of  the  previous  orbit,  is  0.96488. 

From  this 
/i=  +0.07024,  e„=  +0.010600,      po  =  +0-6o5324 , 

n=      0.451369,      log  i  =       7.15171,         d  = —2.2223. 

These  give  p  =  2.27738  and  the  following  elements  for 
1890.0: 

T  =  June  6.6850  G.M.T. 
Q,  —  323°  34'  35" 
w  =     85    35     14 
I   =    126     46     21 
log  q  =  0.193624 

These  elements  give  for  the  observation  of  Mar.  30 
(O-C) 

J),  eosp^  =  +23"         J^  =  — IS" 

A  graphical  representation  of  these  discordances,  with  the 
previous  ones,  will  show  that  no  materially  better  repre- 
sentation of  this  last  observation  can  be  obtained  with  any 
value  of  M. 
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CON^TINUATIOX  OF   SUN-SPOT  OBSERVATIONS, 

Bv  WILLIAM  DAWSON. 


Date 

Hour 

Wt. 

Gp. 

Sps. 

Notes 

Date 

Hour 

Wt. 

Gp. 

Sps. 

Notes 

1889  Nov.  15 

lOi 

3 

0 

0 

p  100 

1890  Feb.     8 

1 

2 

0 

0 

poO 

16 

9^ 

2 

0 

0 

p  100 

9 

10 

3 

0 

0 

p50 

23 

8§ 

3 

0 

0 

p  100 

10 

12 

5 

0 

0 

p  50  ;  no  faculae              1 

25 

n 

2 

0 

0 

11 

12 

5 

0 

0 

p  50 ;  mottle  v  plain 

30 

9 

2 

0 

0 

12 

12 

3 

0 

0 

p  50 

13 

IH 

5 

0 

0 

p  50  ;  faculae  E 

Dec.     1 

9 

2 

0 

0 

p50 

14 

12 

0 

0 

p  50 

2 

11* 

3 

0 

0 

p50 

15 

12 

0 

0 

P  ^>^ 

6 

11? 

3 

0 

0 

p  50 

16 

1 

5 

1 

3 

p  50 ;  2  s  white,  far  N 

8 

8^ 

3 

0 

0 

p  50 

17 

12 

4 

0 

0 

p  50  ;  faculae  W              j 

9 

8* 

4 

0 

0 

p  100  ;  uo  faculae 

21 

3 

2 

0 

0 

p  50 ;  haze 

11 

Hi 

3 

1 

2 

p  50  ;  s  2'  from  W  edge 

24 

H 

4 

0 

0 

p  50  ;  hardly  any  fae 

12 

9 

4 

1 

1 

p  50 ;  s  larger 

13 

10^ 

4 

0 

0 

p  100 

Mar.     1 

10 

3 

0 

0 

p  50                                    1 

15 

9? 

3 

0 

0 

2 

12 

3 

0 

0 

P  oo 

19 

9 

3 

2 

11 

p  100;  10  s  N  of  center 

3 

11 

4 

4 

p  100  ;  close  to  NE  edge 

21 

9 

3 

2 

11 

p  50  ;  s  prominent 

4 

11 

4 

3 

p  50  ;  pen  and  much  fac 

22 

9 

3 

0 

0 

p  50  ;  s  vanished 

6 

H 

3 

4 

p  50  ;  1  s  prom       [edge 

23 

9 

3 

0 

0 

p  50  ;  faculae  W 

7 

1 

3 

4 

p  50  ;  2  s  prom  5'fraN 

24 

12 

4 

1 

6 

p  100  ;  g  S  of  center 

8 

10 

3 

5 

p  50  ;  3  s  prominent 

26 

9J 

1 

1 

18 

p  100 

9 

3 

3 

4 

p  50:2s  prom  ;  pen  leav 

27 

9 

3 

2 

15 

p  50  ;  Is  at  E  edge 

13 

10 

2 

2 

poO  :  sdim.  2'fm  NWcdge 

•26 

H 

4 

2 

6 

p  100;   lis 

14 

9 

3 

1 

p  50  ;  s  dim,  much  fac 

30 

m 

2 

2 

2 

p50:  1  s and  fae  Wedge 

16 

'.> 

1 

11 

0 

p  50  ;  a  little  fac  NW 

31 

3 

3 

1 

1 

p  50 

19 
21 

0 
0 

p  50 

p  50  ;  but  little  fac          • 

1890  Jau.     3 

12 

3 

1 

1 

p  50  ;  Is  W  of  cejter 

22 

1 

4 

1 

2 

p  50  ;  s  4'  fni  W  edge 

8 

9 

1 

0 

0 

p  50 

23 

9 

5 

0 

0 

p  50  ;  some  fac  W 

9 

9 

3 

1 

2 

s  iu  SW  quadrant 

24 

3 

3 

0 

0 

poO 

10 

1 

4 

0 

0 

p  100 

25 

H 

3 

0 

0 

p  50 

11 

3 

3 

0 

0 

p50 

26 

9 

3 

0 

0 

p50 

12 

12J 

3 

0 

0 

p  50  ;  faculae  E  and  W 

29 

9* 

4 

0 

0 

p  50  ;  but  little  fac 

14 

n 

3 

0 

0 

p  50  ;  no  faculae 

30 

9 

4 

0 

0 

p  50  ;  hardly  any  fac 

16 

12 

2 

0 

0 

p  50 

17 

10 

4 

1 

7 

p  100  ;  2  s  with  p  50 

April    1 

9 

5 

0 

0 

p  50  ;  hardly  any  fac 

18 

lOi- 

4 

1 

12 

p  100  ;  uo  faenhie 

2 

9 

4 

0 

0 

p  50  ;  hardly  any  fac 

20 

3 

1 

1 

4 

p  50  ;  g  near  W  side 

3 

5 

3 

0 

0 

p  50 

21 

10 

3 

1 

4 

p  50  ;  2  s  prominent 

5 

8 

4 

0 

0 

p  50  ;  mottle  prom 

22 

H 

2 

1 

1 

p  50  ;  s  dim  at  W  edge 

6 

11 

4 

0 

0 

p  50  :  mottle  prom 

23 

3 

3 

0 

0 

p  50  ;  faculae  E 

7 

3 

4 

0 

0 

p50 

24 

11* 

5 

0 

0 

p  50  ;  hardly  any  fac 

8 

H 

4 

0 

0 

p  50  ;  some  fac  E 

27 

9 

3 

0 

0 

p  50  ;  faculae  W 

10 

4 

3 

0 

0 

p50 

28 

9 

4 

0 

0 

p  50 

11 

3 

4 

2 

6 

p  50;  5  little  sE.  1  s  SW 

30 

11 

5 

0 

0 

p  50  ;  no  faculae 

12 

8i 

4 

2 

10 

P  50 

31 

11 

4 

1 

3 

p  50  ;  g  iuNE quadrant 

13 

3 

4 

2 

6 

p  100:  2  s  with  p  50 

16 

8 

3 

0 

0 

p  50                                    ' 

Feb.     4 

1 

5 

0 

0 

p  100  ;  no  faculae 

Spicekmd,  Ind. 


OBSERVATIONS   OF    PAUL'S  AZGOL-TYTB   VAKIAULK    S  ASTLI^Lt:, 

Hy  PAUL  S.  YENDELL. 


This  star,  the  discovery  of  whose  variability  was  an- 
nounced by  I'.vui,,  and  confirmed  by  Sawvf.u  in  this  Journal, 
no.  214,  has  been  the  object  of  my  particular  attention 
since  February  13,  since  which  time  I  have  kept  it  as  con- 
tinuously under  observation  as  the  weather  has  permitted. 


The  result  of  the  lirst  month's  observations  satisfied  me 
that  the  star  l)elouge<l  to  the  Al(iol-c\t\6s  of  variables  ;  but  I 
was  not  so  fortunate  as  to  detect  the  shortness  of  its  perioil. 

My  earlier  observations  leave  something  to  be  desired  in 
the  matter  of  precision,  having  been  made  in  all  weathers 
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when  it  was  possible  to  observe  at  all,  often  in  both  moon- 
lif^ht  and  haze ;  many  of  tlicse  observations  have  been  re- 
jected on  this  account,  in  making  up  the  mean  light-curve 
given  below. 

On  April  11  tlie  tield-glass  ol)servations  were  supple- 
mented by  tiie  use  of  a  small  telescope  of  1 .4-inch  aperture, 
and  a  power  of  14,  the  field  including  about  three  degrees  ; 
this  was  found  to  be  an  excellent  tool  for  the  work,  its  light- 
power  being  about  equal  to  that  of  the  field-glass,  and  the 
greater  magnifying  power,  by  separating  the  stars,  renders 
the  comparisons  in  a  marked  degree  more  easy  and  accurate  ; 
tiie  light-scale  being  sensibly  identical.  For  several  evenings 
observations  with  this  glass  were  carried  on  simultaneously 
with  those  of  the  field-glass  series,  after  which  the  latter 
instrument  was  discarded,  and  the  observations  made  with 
the  small  telescope  only. 

The  comparison-stars  used  are  as  follows : 


a  =  66  U.A.  Pyxidis 
b  =  7  "  Antliae 
c  =    5     "      Antliae 


6.5  10.0 

7.0  5.0 

7.5(5'.)      0.6 

The  star  a  is  noted  in  the  U.A.  as  a  suspected  variable, 
but  has  been  sensibly  constant  during  the  time  covered  by 
these  observations  ;  c  was  adopted  on  the  last  evening  only 
when  the  star  was  observed,  April  25  ;  my  estimate  of  its 
magnitude  agrees  closely  with  Sawter's,  and  I  have  accord- 
ingly used  the  latter  in  the  above  table. 

The  extreme  light  observed,  to  which  full  weight  was 
given,  was  by  this  scale  7.75  at  normal,  and  3.0  at  mini- 
mum;  corresponding  respectively  to  magnitudes  6". 7  and 
7'". 2,  and  indicating  as  an  extreme  light-range  of  about  half 
a  magnitude  ;  these  limits  are  somewhat  wider  than  those 
indicated  by  the  mean  light-curve. 

I  have  obtained  in  all  171  observations  of  the  star,  from 
which  are  deduced  the  following  minima ;  the  residuals  in 
the  column  0 — C  are  derived  from  a  comparison  of  the  ob- 
served times  with  Chandler's  elements. 

Minima  Obtained  from  Single  Light-Curves. 


E 

Camb.  M.T. 

w 

Light-eqn. 

0-C 

2141 

1890  Mar.    8     10  51.5 

3 

-fe.o 

—12.8 

2246 

Apr.  11       9  26.0 

5 

+  4.4 

—33.3 

2249 

12       9     0.0 

3 

+  4.3 

—19.8 

2285 

25       8  40.5 

4 

+  3.2 

+   8.1 

Minima  Deduced  by  the  Mean  Light-Curve. 


E 

2092 
2095 
2098 
2144 
2172 
2181 
2190 


1890  Camb.  .M.T. 


Llght-cqn.       O— C 


Feb. 


Mar 


20  11  51.0 

21  10  39.0 

22  9  47.0 
9  7  47.0 

18  10  9.0 

21  8  16.6 

24  6  13.5 


1  observ. 

1  " 

1  " 
4  " 

2  " 
4 

2 


2258       Apr.  15     6  41.3       3     12 


+  6.2 
+  6.2 
+  6.2 
+  6.0 
+  5.8 
+  5.7 
+  5.5 
+  4.1 


+  0.7 
—21.3 
—44.1 
— 3C.8 

—  5.3 
+    1.0 

—  3.5 
—39.9 


Tlie  time  given  for  epoch  2258  is  the  mean  of  the  minima 
deduced  from  two  simultaneous  lines  of  observations  made 
with  the  field-glass  and  small  telescope. 

The  mean  by  weights  of  the  residuals  in  the  columns  O — C 
is  — 12™. 4,  corresponding  to  a  mean  epoch  of  2176.75. 

In  constructing  the  mean  light-curve,  all  single-star  com- 
parisons having  a  less  weight  than  3,  and  all  two-star  com- 
parisons whose  weight  was  less  than  4,  were  rejected,  as 
were  also  all  observations  which  were  considered  open  to 
doubt  on  account  of  the  presence  of  haze  or  moonlight ; 
there  remained  available  nearly  a  hundred  observations. 

Using  an  ephemeris  based  on  Chandler's  elements,  these 
were  combined  in  ten-minute  groups,  and  the  curve  drawn 
between  the  normals  thus  obtained  —  due  regard  being  had 
for  the  weight  of  each  normal,  which  represented  the  sum  of 
the  weights  of  the  observations  from  which  it  was  deduced. 
The  curve  thus  drawn  shows  a  minimum  thirty  minutes 
earlier  than  the  computed  epoch,  which  seems  to  confirm  the 
indication  of  the  mean  residual  given  above.  The  whole 
curve,  however,  is  of  course  strictly  provisional,  and  will, 
without  doubt,  be  more  or  less  modified  by  the  results  of 
future  observations. 

The  readings  from  the  mean  light-curve  are  as  follows : 


—2  20 

7.00 

2  00 

6.98 

1  40 

6.90 

1   20 

6.60 

1   00 

6.10 

0  40 

5.30 

0  20 

4.30 

— 0  10 

3.95 

±0  00 

3.84 

±0  00 

Steps 

3.84 

+  0  10 

3.95 

0  20 

4.25 

0  40 

5.05 

1  00 

5.75 

1  20 

6.26 

1  40 

6.62 

2  00 

6.86 

2  20 

6.98 

+  2  30 

7.00 

Dorchester,  1890  Maij  10. 


ELEMENTS  AJ^D  EPHEMERIS   OF   COMET  a  1890  (brooks,  March  i9), 

By  W.  W.  CAMPBELL. 


From  the  mean  of  seven  European  observations  of  March 

23,  the  mean  of  two  Ann  Arbor  observations  of  April  15,  and 

an  Ann  Arbor  observation  of  May  1,  I  have  computed  the 

following  elements  and  ephemeris  of  this  comet.     They  give 

Residuals  (O— C),     cosp"J/.'  =   +I".4,     J^  —  — 0".l. 


T  =  Greeuwich  M.T.  1890  Juue  1.46734 

CO  =     68°  53'  44".6 
Q,  =  320    20    53  .1  !- 1890.0 
(■  =  120    33    34  .0 

log  q  —  0.280544 


N"'  218. 
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Const 

VNTS    FOR    THE 

Equatok 

1890 

A 

pp. 

a 

App.  3 

log)- 

log  A 

Br. 

X 

= 

[9. 

921947]  7-sii)(18r  44'  44" 

.6  +  y) 

June     9 

h 

18 

8 

51 

+  63° 

.54.2 

0.2811 

0.1977 

3.08 

y 

= 

[9.960916]  rsiu(288    43    37 

A  +  v) 

10 
11 

17 

58 
47 

28 
50 

64 
64 

20.7 
43.7 

0.2815 

0.2001 

3.63 

z 

— 

[9. 

834i 

00]  r  sin(  4 

1       4    12 

.Q  +  v) 

12 
13 
14 

37 
25 
14 

3 

56 
47 

65 
65 
65 

3.3 
19.3 
31.5 

0.2819 

0.2033 

3.57 

El'IIEMEKIS 

FOB  Gkeenwicii 

ilEAN    M 

lUNUaiT. 

15 

3 

37 

65 

40.0 

0.2824 

0.2071 

3.50 

ISOO 

pp. 

a 

A  pp.  8 

log)- 

log  A 

Br. 

16 
17 

10 

52 
41 

28 
23 

65 
65 

44.9 
46.3 

0.2829 

0.2115 

3.42 

May  10 

20 

46 

33 

+  zi  AIJ 

0.2849 

0.2437 

2.92 

18 

30 

28 

65 

44.1 

11 

44 

36 

38  43.1 

19 

19 

43 

65 

38.7 

0.2835 

0.2164 

3..34 

12 

42 

31 

39  39.1 

0.2842 

0.2368 

3.03 

20 

9 

15 

65 

30.1 

13 

40 

19 

40  35.7 

21 

15 

59 

4 

65 

18.5 

0.2842 

0.2219 

3.24 

U 

37 

58 

41   32.9 

0.2835 

0.2302 

3.13 

22 

49 

14 

65 

4.2 

15 

35 

28 

42  30.5 

23 

39 

45 

64 

47.2 

0.2850 

0.2277 

3.15 

16 

32 

48 

43  28.5 

0.2829 

0.2240 

3.23 

24 

30 

40 

64 

27.9 

17 

29 

59 

44  26.8 

25 

21 

57 

64 

6.5 

0.2858 

0.2341 

3.04 

18 

26 

58 

45  25.4 

0.2823 

0.2183 

3.33 

26 

13 

39 

63 

43.3 

19 

23 

47 

46  24.2 

27 

5 

45 

63 

18.4 

0.2867 

0.2407 

2.94 

20 

20 

23 

47  23.1 

0.2819 

0.2130 

3.42 

28 

14 

58 

16 

62 

52.0 

21 

16 

46 

48  22.0 

29 

51 

9 

62 

24.3 

0.2877 

0.2477 

2.83 

22 

12 

55 

49  20.8 

0.2815 

0.2084 

3.49 

30 

44 

26 

61 

55.4 

23 

8 

50 

50  19.4 

July     1 

38 

4 

61 

25.6 

0.2887 

0.2.^i48 

2.73 

2-1 

4 

30 

51   17.7 

0.2811 

0.2044 

3.56 

2 

32 

4 

60 

54.9 

•25 

19 

59 

53 

52  15.5 

3 

26 

25 

60 

23.7 

0.2898 

0.2622 

2.62 

26 

54 

59 

53   12.8 

0.2809 

0.2010 

3.63 

4 

21 

5 

59 

51.8 

27 

49 

48 

54     9.2 

5 

16 

3 

59 

19.5 

0.2910 

0.2697 

2.52 

28 

44 

17 

55     4.7 

0.2807 

0.1983 

3.67 

6 

11 

20 

58 

47.0 

2;) 

38 

25 

55  59.3 

7 

6 

52 

58 

14.2 

0.2922 

0.2774 

2.42 

30 

32 

12 

56  52.7 

0.2806 

0.1963 

3.71 

8 

2 

40 

57 

41.2 

31 

25 

37 

57  44.5 

9 

13 

58 

43 

57 

8.1 

0.2935 

0.2851 

2.32 

,Iiine    1 

18 

40 

58  34.7 

0.2805 

0.1951 

3.73 

10 

55 

0 

56 

35.1 

2 

11 

19 

59  23.1 

11 

51 

30 

56 

2.1 

0.2949 

0.2929 

2.23 

3 

3 

35 

60     9.4 

0.280G 

0.1946 

3.74 

12 

48 

12 

55 

29.2 

■1 

18 

55 

26 

60  53.5 

13 

45 

5 

54 

56.5 

0.2962 

0.3007 

2.13 

5 

46 

53 

61  35.3 

0.2807 

0.1949 

3.73 

14 

42 

10 

54 

24 .0 

6 

37 

56 

62  14.3 

15 

39 

26 

53 

51.7 

0.2977 

0.3085 

2.05 

7 

28 

35 

62  50.6 

0.2809 

0.1959 

3.71 

16 

36 

50 

53 

19.7 

8 

18  18 

54 

+  63  24.0 

17 

13 

34 

24 

+  52 

48.0 

0.2992 

0.3162 

1.96 

OBSERVATIONS   OF  VARIABLE   STARS  11^  1889, 

hy  kdwin  f.  .sawykk. 


1 .  ;/  Herculis. 
This  star  was  observud  on  34  evenings,  extending  fiom 
Maicli  25  to  November  20.  Tlie  observations  when  cliarted, 
Molwitlistanding  the  many  gaps  which  occur  in  tlie  series, 
IH'rmit  tlie  determination  of  two  maxima  and  two  minima. 
The  first  niaximuni  is  indicated  about  May  18;  but  with 
some  uncertainty,  a  bad  break  occurring  between  April  21 
and  May  23.  This  was  followed  by  a  minimum  on  July  5  ; 
the  light  decreasing  very  slowly  and  irregularly.  From  July 
5,  the  rise  was  quite  rapid,  and  a  second  maxinnnn  was 
l)asscd  on  August  2.  A  rapid  fall  occurred,  and  the  second 
mininnim  was  reached  on  September  3.  After  a  slight  in- 
crease the  light  remained  sensibly  constant  until  October  18, 
followed  by  another  slight  rise,  the  star  being  apparently 
near  another  niaxiniuni  when  the  observations  tcrunnateil  on 
November  2t).     The  lluctiiations  during  the  vcar  were  not  of 


a  marked  character,  being  not  over  half  a  magnitude.  The 
interval  between  the  two  uiaximn  was  76  days  .-  aud  between 
the  two  minima  60  days. 

2.  li  Lyrue. 
This  star  was  irregularly  observed  from  1889  May  28  to 
1890  January  9,  the  observations  numbering  40.  Maxima 
arc  determined  for  June  7,  July  15  aud  October  23;  aud 
minima  July  2.  Novenilier  IS  and  December  31.  No  par- 
ticularly bright  phases  were  recorded. 

;>.     p  Persei. 
The  observations  on  this  star  extend  from  February  24  to 
April  7,  and  from  August  27  to  1800  April  16,  and  number 
25.     From  these  two  minima  have  been  determined  as  oecur- 
rinx  1889  November  7.  and  1890  March  12. 
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4 .  T  Ceti. 

Eleven  observations  of  tliis  star  were  obtained  ;  extending 
from  1889  October  16  to  181)0  January  16.  When  first  seen 
Twas  =  21  {U.A.)  Ceti,  and  4  steps  <28  and  31  {U.A.) 
Oeti,  or  T'^.O ;  being  evidently  near  minimum.  After  No- 
vember 1,  the  increase  was  quite  rapid  and  uniform  ;  a  max- 
mum  being  readied  on  December  13.  Maximum  brigiitness 
5  steps  >7  (U.A.)  Ceti,  and  1  step  <18  (U.A.)  Ceti,  or 
5". 5.  Tlie  ligiit  had  decreased  about  half  a  magnitude  wlien 
tlie  observations  terminated  on  January  J 6.  As  regards  the 
comparison  star  28  (U.A.)  Ceti,  alluded  to  as  possilily  vari- 
able by  Fatiier  Hagen  (A.  J.  no.  212,  p.  158),  1  can  offer  no 
confirmatory  evidence  from  my  observations,  althougli  it  has 
been  less  used  than  tiie  star  31  (U.A.)  Ceti,  of  about  the 
same  magnitude.  The  star  was  observed  once  in  1884,  and 
three  times  in  1886,  in  connection  with  my  revision  of  the 
Uranometria  Argentina  magnitudes  ;  the  range  of  the  four 
observations  being  from  6^'. 5  to  6". 7,  and  the  average  6". 6, 
which  agrees  very  nearly  with  the  U.A.  results,  6**. 5.  The 
star  will,  however,  bear  further  watching. 

5.  U  Ceti. 

This  star  was  observed  from  January  14  to  February  21, 
1890,  14  observations  being  obtained.  When  first  seen,  ou 
January  14,  iJ  was  =  SDM.  13°483,  or  S^.S.  The  in- 
crease of  light  was  very  rapid  and  uniform,  a  maximum  be- 
ing reached  February  7.5.  Its  maximum  brightness  was  4 
steps  >SDM.  13° 495,  and  4  steps  <  SDM.  13° 457,  or  7".l. 
When  last  seen,  on  February  21,  {7  had  faded  3  or  4  steps. 

6.      U  Orioni.'i. 
The  observations  ou  this  star  number  27,  aud  extend  from 
1889  November  25  to  1890  March  8.     When  first  seen,  on 

Brighton,  18!t0  3Ta>/  24. 


November  25,  17 was  4  steps  <  DM.  20°  1168,  or  about  9". 0. 
The  increase  appeared  quite  rapid  and  uniform,  a  niaxinnim 
being  passed  1890  January  6.  I^Iaximuin  l>rightness  4  steps 
>DM.  19°  1106,  1  or  2  steps  >DM.  20°  1156,  and  5  steps 
<  DM.  19°  1110,  or  6". 7.  The  light  remained  stationary  for 
28  days.  The  decrease  was  slow,  aud  very  regular.  When 
last  observed,  on  March  8,  U  was  =  DM.  20M168,  or 
8". 6.  The  interval  l)et\veen  tlie  last  two  maxima  was  376 
days. 

7.  S  Serj^entis. 
A  few  scattering  observations  of  this  star,  8  in  number, 
extending  from  March  25  to  May  23,  indicate  a  maximum 
as  occurring  about  April  24,  but  this  time  may  he  in  error  by 
several  days.  When  brightest,  S  was  1  step  <DM.15°  2845, 
or  about  7". 4. 

8.  WCygni. 
Observed  from  1889  February  19  to  1890  February  20,  50 
observations.  The  observations  during  the  first  three  mouths 
are  scattering,  yet  permit  of  a  maximum  being  fairly  de- 
termined for  March  11.  The  decrease  after  March  11  was 
slow,  and  a  rather  faint  minimum  was  passed  about  May  29. 
After  a  very  slow  and  irregular  rise  a  second  and  faint  max- 
imum was  reached  on  August  22.  A  second  aud  rather 
bright  minimum  was  passed  ou  October  9.  A  third  maxi- 
mum was  reached  on  November  14,  followed  by  a  faint 
minimum  1890  January  29.  The  interval  between  the  first 
and  second  maxima  was  161  days,  while  between  the  second 
and  third  maxima  the  interval  is  only  84  days.  The  inter- 
val between  the  first  and  second  minima  is  133  days,  aud 
between  the  second  and  third  minima  112  davs. 


OBSERYATIONS   OF   COMET  a  1890  (buooks), 

made    at    tub    u.s.    naval    observatory    with    tiik    o.g-incn    kquatoiilal, 

By  Prof.  E.  FRISBY. 

[Coramuuicated  by  the  Superiuteudeut.] 


1890  Washington  M.T. 

* 

No. 

#- 

-* 

^'s  apparent 

logi>A 

Comp. 

/la 

z/8 

a            I             S 

for  a 

for,i 

Mar.  26  16  45     5.4 

1     ■ 

15  ,  3 

— r2o!73 

— o'  2l".6 

2l''ld"3o!l5       +  8°  32'  16''9 

W9.612 

0.697 

Apr.    1    16  39  35.6 

2 

8  ,  2 

+  4  12.41 

—1  41.0 

21   11     5.90       +11   17  68.3 

»i9.595 

0.671 

16  39  35.6 

3 

10  ,  2 

4-3   12.10 

—1   24.1 

21   11     6.30    !   +11   17  56.0 

2  16  49  54.1 

4 

6  ,  2 

-0  21.50 

—3  48.9 

21   11     8.06       +11  48  27.9 

7i9.578 

0.660 

19   10  12  58.7 

5 

9  ,  2 

—0  22.75 

—3  19.1 

21     8     9.46 

+  21   24     9.7 

»i9.693 

0.713 

10  12  58.7 

6 

9  ,  2 

—2  13.87 

+  6     8.4 

21     8  10.16 

+  21   24  15.3 

21   13     7  58.7 

7 

20  ,  4 

—0  21.18 

+  1  38.5 

21     7  10.39 

+  22  44  29.5 

«9.698 

0.705 
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3femi  Places  for  1890.0 

of  Comparison- Stars. 

* 

a 

Red.  to 
app.  place 

8 

lied,  to 
app.  place 

Aatbority 

1 

21  11  57.04 

— 1'.16 

+  8°32'5l''7 

—13.2 

Weisse's  Bessel,  XXI  216 

2 

21     6  54.48 

—0.99 

+  11   19  52.3 

—13.0 

Ji(Weisse'8  Bessel +  2  Grant) 

8 

21     7  55.19 

—0.99 

+  11   19  33.1 

—13.0 

Weisse's  Bessel,  XXI  108 

4 

21   11  30.57 

—1.01 

+  11  52  29.9 

—13.1 

BoniiObs.,  VI,  +  11°  4528 

5 

21     8  32.76 

—0.55 

+  21   27  43.7 

—14.9 

Weisse's  Bessel,  XXI  148 

6 

21   10  24.59 

—0.56 

+  21    19  21.7 

—14.8 

Weisse's  Bessel.  XXI  196 

7 

21      7  32.05 

—0.48 

+  22  43     6.0 

—15.0 

Weisse's  Bessel,  XXI  117 

0BSERYATI0:N'S  of   comet  a  1890  {BROOKS), 

madk   at   the   \v.4shbui!s  observatoky   with   the   is.o-isxh   equatokial, 

By  a.  S.  flint. 

[Communicated  by  Prof.  Comstock,  Director.] 


1890  Madison  M.T. 

* 

No. 
Comp. 

-* 

#^'s  apparent 

s 

log 

for  a 

ford 

Apr.  10  16  19  42.6 
17   16  10  56.1 

19  16  11     1.2 

20  15  56  30.6 
16    8  33.8 

26  15  44  55.0 

\ 
\ 

4 
5 

18 

18  ,  3 

18  ,  3 

6 

3 

36  ,  5 

+  l"'   6. '81 
—0  36.08 
—0  27.33 
+  0  48.03 

—0  24.82 

+  4  55.6 
+  3     8.7 

—2  54.9 
—6  32.4 

21   10  42.60 
21     8     4.89 

21     3  50.67 

+  21   30  37.4 
+  26  25  40.8 

n9.555 
7)9.533 
n9.528 
n9.408 

«9.526 

0.618 
0.598 

0.547 
0.522 

Mean  Places  for  1890.0 

of  Comparison- Stai's. 

* 

a 

Ked.  to 
app.  place 

8 

Ked-  to     1                           Authority 
app.  place  | 

1 

2 
3 
4 
5 

21   9  36.57           —0.78 

1  ri(W.B.,  XXI  161) 
....•<  2  Armagb,  11  2792 

21   9  31.0 
21  8  32.76 
21  C  49.4 
21  4   15.78 

—0.59 
—0.54 
—0.50 
—0.29 

+  20  7.1 
+  21   27  43.6 
+  22   14.2 
+  26  32  28.7 

(  Riiraker,  9043 
—14.6          DM.,  19°  4661 
—14.9          W.B.,  XXI  148 
—15.0          D.M..  22=4329 
—15.6        ^(W.B.,XXI33.34  +  Rumker8935) 

The  comparisons  in  "R.X.  tor  April  26  were  made  by  eye  and  ear,  the  others  with  a  chronograph. 


OBSERVATIONS   OF  COMET  a  1800  (brooks), 

MADE    WITH    THE   G-IN-CII    ECJl'ATORIAI.   OK  THE    ISETltOIT   OIlSEItVATOItY.    ANN    AliltOlt. 

By  W.   \V.  CAMPBELL. 


1890  Greenwich  M.T. 

* 

No. 

^- 

-* 

^'s  apparent                 ;        logpA 

Comp. 

z/a 

/f8 

a                .8             1     '°"'    1   '°"'    ; 

d         h       in       • 

III        I 

r         ff 

O           1'            "        \                                                              1 

Apr.   11  21   13  33 

9 

7 

+  2  25.24 

+  5  23.0 

21   10  33.02 

+  16  33     7.4  11.9.607    0.682' 

15  21     6     9 

10 

12  ,  7 

—0  49.18 

+  6  20.5 

21     9  35.76 

+  18  55  38.4    «9.603    0.657 

21     6     0 

11 

11 

—2     4.88 

+  1  36.7 

21     9  36.01 

+  18  55  35.5  ,  U9.603    0.657 

16  20  37   17 

12 

11  ,  7 

+  3  48.44 

+  1   39.3 

21     9   16.20 

+  19  32     8.1     ii9.627    0.671 

18  20  22  28 

13 

15  ,  14 

+  0  29.00 

—  I   52.1 

21     8  32.24 

+  20  48   14.2    »9.637    0.667 

20  22  28 

14 

14  ,  11 

—0  42.96 

+  3  56.0 

21     8  32.73 

+  20  48   15.6  {  1.9.637:  0.6G7 

20  20  36     5 

15 

10  ,  15 

+  2     4.71 

+  7  51.6 

21      7  39.02 

+  22     8     1.6    (.9.620,  U.637 

Mav     1   19  26     1 

16 

15 

+  1    19.51 

+  0  27.4 

20  59   16.59  j   +30   15   16.2  1  n9. 668  1  0.682  | 

16 
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Mean  Places  for  1890.0  of  Comjmrison- Stars. 

Ked.  to 

8 

Ued.  to 

* 

a 

app.  place 

app.  place 

Autliority 

9 

21     8     8.53 

— 0'.75 

+  16°  27' 58  ."3 

—13.9 

J(W.1J.,  21"  IH  +  Rti.  9004  +  Lamo 

1096) 

10 

21   10  25.56 

—0.62 

+  18  49  32.3 

—14.4 

J^{W.l?.,  21"195  +  Rii.  9058  +  Lain. 

1114) 

11 

21   11   41.51 

—0.62 

+  18  54  13.2 

—14.4 

4(W.B.,  21"  229  +  Lani„  1121) 

12 

21     5  28.35 

—0.59 

+  19  30  43.4 

—14.6 

Armagli.,  2782 

13 

21     8     3.80 

—0.56 

+  20  50  21.1 

—14.8 

i(Ku.  9003  + Lain,,  1094) 

14 

21     9  16.26 

—0.57 

+  20  44  34.4 

—14.8 

^(2  Kii.  9036  +  Lamc  HOG) 

15 

21     5  34.80 

—0.49 

+  22     0  24.7 

—14.7 

Glasgow,  5378 

16 

20  57  57.20 

—0.12 

-t-30  15     4.9 

—16.1 

W.B.,  20"  1761 

April  1 1,     Comet  very  faint  tlirough  haze. 


Mav  1.     Comet  verv  faint  in  nioonlislit. 


NEW  ASTRONOMICAL   WORKS. 


Second  Melbourne  General  Cataloque  of  1211  Stars,  for  the  Epoch 

1880. 

The  First  Melbourne  General  Catalogue,  publisher!  in  1874,  con- 
tained the  positions  of  1227  stars,  deduced  from  observations  made 
previous  to  1871. 

This  second  one  gives,  like  the  former,  the  results  of  obser- 
vations made  with  the  5-inch  transit-circle  at  the  Melbourne  Ob- 
servatory, under  the  direction  of  Mr.  Uoukht  L.  .1.  Ki.lery.  and 
reduced  and  prepared  for  publication  by  the  Hist  as^islaiit  nstrono- 
luer,  Mr.  E.  J.  White.  It  contains  the  position-  ilriniiiinid  hiiween 
the  beginning  of  1871  and  the  end  of  August  issl,  al  \\hii'li  date 
the  new  8-inch  transit-circle  was  mounted.  Thus  the  positions 
here  given  are  deduced  from  those  published  in  vols.  V,  VI  and 
VII  of  the  Melbourne  Observations. 

For  this  purpose,  weights  corresponding  to  the  number  of  obser- 
vations have  been  assigned  to  the  coordinates,  given  in  the  several 
annual  volumes,  after  these  were  referred  to  the  equinox  of  1880.0, 
using  terms  of  the  third  order  in  the  precessions.  But  where,  as 
in  a  majority  of  cases,  a  value  has  been  adopted  for  the  proper 
motion,  the  places  for  1880.0  have  been  correspondingly  modified. 
And  furthermore,  since  the  north  polar  distances  in  the  annual 
catalogues  were  obtained  by  employment  of  the  latitude  37°  49'  53".4 
and  of  Bessel's  refractions,  these  have,  for  the  sake  of  uniformity 
with  the  First  Catalogue,  been  here  modified  by  the  corrections  pro- 
posed by  Mr.  Stone  in  1867. 

Most  of  the  stars  south  of  the  tropics  are  L.\caille's,- — the  re- 
mainder being  apparently  such  as  have  been  used  for  comparison 
with  comets. 


Handbnch  der  Astronomie,  Hirer  Geschichte,  und  Litteratur,  von  Dr. 

KUDOLF  WoLK.     Erster  AbschniU.     ZOrich,  1890. 

This,  the  first  part  of  Professor  Wolf's  eagerly  awaited  Hand- 
book of  Astronomy,  contains  the  first  of  the  four  "  books  "  of  wliich 
the  work  is  to  consist.  It  is  entitled  "Aufyabe,  Geschiclite,  unil 
Vorketmtnisse"  and  begins  with  a  full  table  of  the  contents  of  the 
entire  publication,  which  comprises  (UO  sections,  IfiO  of  them  being 
in  the  first  half  volume.  Book  second  is  entitled  Einlcilung  in  die 
Astronomie;  Book  thiiil,  '/'limrir  der  Instrumente  und  Messunyen ; 
and  Book  fourth,  Mrrlciuil  nini  I'lii/sik  des  Ilimmels. 

The  peculiarlj'  encyil()|ic(li<-  character  of  Prof.  Wolf's  previous 
works  will  have  led  the  students  and  lovers  of  astronomy  to  expect 
the  same  thorough  and  exhaustive  character  in  this ;  and  an  in- 
spection of  the  table  of  contents  shows  that  they  will  not  be  dis- 
appointed, either  in  the  vast  amount  of  historic  information  given, 
or  in  the  wide  range  of  knowledge  comprised  within  the  author's 
interpretation  of  his  subject. 

In  his  preface  the  author  says  that  the  work  is  designed  for  the 
use  both  of  beginners  in  the  science  and  of  astronomers.  For  the 
former  it  points  out  the  path  which  experience  has  shown  to  be  re- 
quisite for  those  who  desire  to  become  astronomers,  in  the  true 
sense  of  the  word;  while,  for  the  latter,  it  is  inteuded  to  ol)viate, 
in  some  degree,  the  need  of  frequent  consultation  of  their  libraries, 
as  well  as  serve  as  a  convenient  book  of  reference,  where  technical 
and  historical  data  are  compactly  arranged,  which  else  would  have 
to  be  sought  through  hundreds  of  volumes.  A  collection  of  tables 
is  to  be  given  at  the  end  of  the  first  volume,  and  an  elaborate  Gen- 
eral Index  at  the  end  of  the  second. 

We  can  imagine  no  more  complete  and  concise  summary  of  the 
principal  facts  in  astronomical  history  and  science,  than  these  two 
volumes  promise,  and  the  distinguished  author's  name  is  a  voucher 
for  their  accuracy. 


NEW   ASTEROID. 

A  small  plauet  was  discovered  b}'  Ciiahlois,  at  Nice,  iu  the  position 

1890  May  20.5784  Greenwich  M.T.         a  =  16"  20"'  55M, 


—22°  39'  2" 


CONTENTS. 
On  a  Method  of  Cokrecting  a  First  Parabolic  Orbit  to  Represent  a  Later  Observation,  by  Eev.  Geo.  M.  Searle. 

CONTKs'UATlON   OF    SuN-SPOT   OBSERVATIONS,   BY   Mil.    WiLLIAM   DaWSON. 

Observations  of  Paul's  Algol-'Type  Variable  S  Antliae,  by  Mr.  Paul  S.  Yendell. 
Elements  and  Ephemeris  of  Comet  a  1890  (Brooks,  March  19),  by  Mr.  W.  W.  Campbell. 
Observations  of  Variable  Stars  in  18S9,  by  Mr.  Edwin  F.  Sawyer. 
Observations  of  Comet  a  1890  (Brooks),  by  Prof.  E.  Frisby. 
Observations  of  Comet  a  1890  (Brooks),  by  Prof.  A.  S.  Flint. 
Observations  of  Comet  a  1890  (Brooks),  by  Mr.  W.  W.  C.wipbell. 
New  Astronomical  Works. 
New  Asteroid. 
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Catalogue-position. 

C.  A. 

Arg.  Geu.  Catal.  forEquinoxl750.0 
No.   Mag|           rt           1         S 

No. 

R.A. 

N.V.D. 

h        in       s 

o 

f         // 

P«ge 

1        h      m 

1 

o      .     » 

6808 

16    7    6.6 

164  56    8 

21 

Nos.  fifiOR  aiul  onil  are  cleai-ly  the  same  star;  but  I  see 

22337 

7il6    7 

7.1 

74  54  58 

no  way  of  liarinoiiizinfr  llie  observations  e.vcept  l)y  sup- 

6811 

16    7  15.6 

164  54  31 

17 

posing  the  egress  of  tlie  former  to  have  been  5"  later. 

and  the  ingress  of  the  latter  10»  earlier  than  recorded. 

These  assumptions  give  the  positions 

G808         16''  7'"  lO'.O,         74^  55'  48' 

6811         IG    7        0.3,         74    55    2!) 

6828 

16    9  10.7 

171 

50  23 

9 

Assume  ingress  at    16  10  13    instead  of    IC  0  13,    which 
gives  the  position     Ifii"  11)"'  10».7,     sr  50' 23'.     In  the 
British  edition  10'"  was  wrongly  subtracted  from  the 
cress. 

22775 

7     16  19 

2 

81  51  53 

M  684 'J 

16  12  31.6 

115 

6  19 

135 

Assume  egress  at     IG  15  14     instead  of     16  14  14, 
which  gives  the  position     IG''  13'"  5-.1,     24=  52'  38' 

22296 

7    16  13 

4.4 

24  52  11 

6878 

16  17  24.6 

121 

1  11 

117 

This  appears  to  be  an  oliservation  of  no.  C875,  recorded 
on  p.  125,  two  days  later,  bnt  I  cannot  explain  the  dis- 
cordance. 

22385 

7*  16  17 

8.0 

30  59  32 

681)2 

16  20    8.1 

157 

19  16 

29 

Assume  ingress  at    16  17  37    instead  of    16  IG  37, 

22561 

-a  16  20  38.4 

67  14     4 

which  gives  the  position     IG'-  20"'  38-.7,     67=  13'  39' 

" 

6915 

16  23    8.1 

137 

23  20 

81 

.Assume  ingress  at     IG  20  57     instead  of     16  21  57, 
whicli  gives  the  position     IG''  22'"  39-.0,     47=  13'  7' 

22530 

7 J  1 6  22 

39.4 

47  13  24 

6917 

16  23  21.3 

135 

0  13 

81 

Interchanging  the  ingresses  of  nos.  G!»17  and  Gi)2H,  we 

22556 

7    16  23  49.6 

44  50  53 

6929 

16  25  22.3 

135 

23  53 

tind  the  positions 

22574 

6.V  16  24 

55.5 

45  33  34 

IGi'  23'"   49-.G,         44=  50'  32' 

" 

IG     24      ,53  .9,         45    33    21 

6948 

16  27    6.3 

165 

44  38 

17 

Assume  egress  at     IG  33  12     instead  of     IG  33  22. 
which  gives  the  position     IG''  27'"  I'.O,     75=  43'  29' 

22770 

6 J  16  27 

0.5 

75  45  33 

1 

A69.51 

16  27  11.1 

120  44  19 

125 

.\ssume  Ingress  at     16  27  0     instead  of     16  27  5, 

22609 

7.1  16  27 

38.8 

30  43  30' 

which  gives  tlie  position     16''  27'"  38".5,     30=  43'  15' 

M  6977 

16  30  59.6 

121 

0  16 

125 

Assume  ingress  at    IG  30  51     instead  of    16  31  1, 
which  gives  the  position     \&^  30'"  54-.6,     80°  58'  8' 

22670 

8     16  30 

55.0 

30  58  13' 

1 

G979 

16  31  31.5 

147 

2    5 

.Assuming  ingress  of  no.  6979  at     16  2G  14     instead  of 

22723 

7     1631 

9.8 

57    6  46 

6985 

16  32  38.4 

147 

31  42 

57 

IG  26  19,     and  interchanging  egresses  with  no.  G985, 
we  have  the  positions 

16''  31'"  10>.9,         57'    6'  21' 

16    32     5(!  .5,         57    26    50 

22760 

&\  16  32 

53.8 

57  26  55j 

6990 

16  33     2.8 

162 

10  35 

21 

Is  the  same  star  as  no.  G988. 

22886 

7.1  16  32 

57.7 

72  10  32 

6994 

16  33  35.4 

143 

59  10 

63 

Error  of  20-  in  the  Uritisli  reduction.     The  place  should 
be  given  as     16''  33"'  ,">5-.4,     53'  .59'  in' 

22780 

7i  16  33 

56.2 

53  59    2. 

A  7033 

16  37  54.5 

120 

7  38 

125 

Assume  ingress  at     16  34  53    instead  of    16  35  53,    and 
intercliange  egresses   with   no.  7041.     Then  we  have 
16"  37'"  1.5-.8,     29=  58'  25' 

The  series  of  observations  made  in  the  lower  part  during 
the  Interval  16''  35"'  to  16''  40'".  1752,Inne  IS,  Is  almost 
hopelessly  confuswi.     No  one  of  the  four  successive 

22811 

71  16  ,!7 

14.9 

2;i  .VS  58' 

stars -703.1,  7037.   7041,    7054,  exists  In  the  sky.     The 

changes  here  suggested  arc  sweeping;  yet  the  obstruc- 

tions cannot  be  ilisi-ntangled  and  reconciled  without 

changes  c-(|unlly  great.     Those  suggested  for  nos.  7033 

anil  7041  are  Identical  with  .Vkoki.anukk's.    See  his  re- 

marks Bonn  Obs.,  VII,  241-2. 
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Catalogue-position. 


No. 


R.A. 


N.P.D. 


7037  16  38  16.7  120  19  12 

A  70-11  16  38  -13.2  120  36  11 

7043  16  39  8.2  IK'i  21  26 

7054  16  39  54.9  120  39  51 


M7058  16  40  23.7  120  54  45 

7063  16  41  26.1  122  36  52 

A  7070  16  42  58.1  115  40  40 

M7096  16  46  44.3  121  26  26 

M7114  16  48  58.6  115  27  9 

M7116  16  49  G.3  115  7  36 

M7128  16  50  7.7  118  27  54 

7194  17  0  6.1  136  21  15 


125 

135 
125 


125 
117 

135 
117 

134 

125 
81 


M724S  17  6  19.3  119  38  59  125 

7277  17  9  22.8  133  20  39'  91 

M7296  17  11  31.2  116  0  49'  129 

A  7306  17  13  11.6  120  54  54J  125 

! 

M7341    17  17  17.2     119  22  201  125 


M7345    17  18  22.8  122  19  52 

7352    17  19  32.8  12S  11  28 

M7411    17  27  34.1  119  59  19 

7441    17  32    3.0  122  35  25 

7464    17  35    2.4  124  53  47 

M7469    17  36  13.3  121  11  35 

A  7491    17  39  29.3  114  47  15 

M7532    17  45    7.4  160  40  42 


117 
105 
125 
117 

.111 

117 

134 

23 


Arg.  Gen.  Catal.  for  Equinox  1750.0 
No. 


Mag 


IG  43   19, 
25==  3b'  38" 

Ifi  45  51, 

31-   13'  41' 


16  50  43, 
118-  30' 


Assume  both  moments  5"  earlier  than  recorded,  which 
gives  tlic  position     IG^  38'"  ll'.T,     30"  1!"'  13" 

.Assume  ingress  at  Ifi  37  45  instead  of  10  37  50. 
Tlien  Willi  the  egress  recorded  for  no.  7033,  we  ob- 
tain the  position     IG''  38'"  4'.l-.8,     30"  32'  3" 

.\ssume  egress  at     IG  40  5    instead  of     16  40  15, 
wliicli  gives  the  position     16''  39"'  3-.2,     25°  23'  41" 

The  place  of  this  lictitions  star  appears  to  result  from 
tlie  ingress  of  no.  7044.  and  the  egress  of  G.C.  22859, 
wliich  tooli  place  within  1^  of  the  moments  here  re- 
corded. Tlie  former  star  was  observed  two  days  prev- 
iously;  tlie  latter  is  Piaz/.i  215,  G4«,  not  otiierwise  ol)- 
served  l)y  Lacaii.lk. 

Assume  ingress  at     16  40  2     instead  of     16  40  12, 
which  gives  the  position     16''  40"'  18\8,     30°  52'  36" 

Assume  egress  at  16  43  26  instead  of  16  44  26,  which 
gives  tlie  position  16''  40'"  55>.8,  32°  49'  41".  Tlie 
star  is  F.  27  Scorpii. 

Assume  ingress  at     16  43  10     instead  of 
which  gives  tlie  position    16''  42'"  53".7, 

Assume  ingress  at    16  46  51     instead  of 
which  gives  the  position     IG''  47'"  14-. 9, 

Interchanging  moments  of  egress  of  7114  and  7110,  we 
find  the  positions 

16''  48'"  40'.8,         25°  18'  57"     F 2S  Ophitirlii 
16     49     24.0,         25    15    47       F31  Ophiuchi 

Assume  egress  at     16  50  53     instead  of 
which  ghes  the  position     16''  50'"  12'.; 

Assume  egress  at  17  2  25  instead  of  17  2  20,  which 
gives  the  position  17''  0'"  8«.7,  46'  20'  21".  There  is 
a  proper  motion  of  about  +0'.088  and  -f0".04,  which  is 
used  in  reducing  the  Gen.  Catalogue  positions  to  1750. 
Using  the  same  for  Br.  6022  we  obtain  17'"  0'"  8".8, 
46°  20'  27" 

Wronslv  reduced  in  British  edition.  The  place  should 
be  given  as     17'"  G'"  16^9,     3P  2'  22" 

.\ssuine  ingress  at     17  5  52     instead  of     17  5  32, 
which  gives  the  position     17^  9'"  33'.1,     43°  17'  8" 

Assume  ingress  at     17  10  17     instead  of     17  10  37, 
which  gives  the  position     17''  11'"  21*.3,     26°  5'  17" 

Assume  tlie  minute  as  12  instead  of  13  for  each  transit, 
and  egress  at  17  12  36  instead  of  17  12  51.  This 
gives  tlie  position     17"  12'"  4».0,     30°  58'  6" 

.Vssume  egress  at    17  14  40    instead  of    17  15  0, 
which  gives  the  position     17"  17'"  7M,     29°  26'  37" 
See,  however,  Augelaxder's  lemarlvs,  Bonn  Obs.  VII  242 

Reducing  for  the  lower  part  we  have  the  position 

17''  18"''  24>.2,     32°  22'  14' 
.Vssume  egress  at     17  23  32     instead  of     17  22  2. 

which  gives  the  position     17"  20'"  19'.3,     37=  53'  22" 

.Vssume  esress  at     17  30  10     instead  of     17  30  20, 
which  gives  the  position     17"  27'"  29«.0,     30°  1'  30" 

Assume  ingress  at  17  29  20  instead  of  17  29  35,  which 
gives  tlie'position  17"  31'"  55».G,  32°  32'  12".  If  we 
assume  ingress  at  17  29  23  we  should  have  17''  31'"  57M, 
32°  32'  50" 

Assume  ingress  at     17  32  43     instead  of 
which  gives  tlie  position     17"  35'"  33M 

Assume  ingress  at     17  35  45     instead  of 
which  gives  the  position     17"  36'"  8^3, 

Assume  ingress  at    17  37  55    instead  of 

which  gives  the  position     17"  39'"  3P.7 
Assume  egress  at    17  53  12    instead  of 

which  gives  the  position     17"  45'"  37*.0 


17  31  43, 
,     34°  41'  40" 

17  35  55, 

31°  13'  42" 

17  37  50, 
,     24°  48'  2V 
17  52  12, 
,     70°  45'  16" 


22840  7i  16  38  11.7  30  18  41 
22863  74  16  .38  49.5  30  32  27 

22861   7  16  39  1.3  25  23  24 


22915  71  10  40  17.5  .30  52  38 

22931  6  16  40  56.0  32  50  6 

22967  8  16  42  54.0  25  38  38 

2.3069  7i  16  47  13.9  31  13  34 

23092  6a  16  48  39.4  25  18  56 

23100  6f  16  49  22.0  25  15  53 

23131  7i  10  50  12.3  28  30  4 

23397  6  17  0  8.8  46  20  28 

I 
I 

23499  8i  17  6  15.8  31  1  14 

23608  7^  17  9  33.6  43  17  19 

23020  7f  17  11  20.8  26  5  4 

23644  8|  17  12  5.2  30  57  59 

23777  7  17  17  8.3  29  26  23 

23811  5 J  17  18  23.9  32  22  45 

23855  63  17  20  20.4  37  52  41 

24014  7i  17  27  29.5  30  1  40 

24139  1\  17  31  55.9  32  32  57 

24240  7i  17  35  34.3  34  42  4l 

24245  7.V  17  30  6.0  31  13  54 

24312  6^  17  39  31.4  24  48  34 

24646  64  17  45  38.5  70  45  4 
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Catalogue-position. 

C.  A. 

Arg.  Gen.  Catal.  for  Equl 

nox  1730.0 

No. 

R.A. 

N.P.U. 

No.  1 

Mag 

a 

« 

B  7553 

17 "4 9'"  7.'l 

151  32  40 

pugc 

41 

Assume  ingress  at    17  42  28    instead  of  17  46  28,   which 
gives  the  position     17''  47'"  8".4,     62°  0'  IJ*.     The  true 
t  Pavonis. 

24618 

of 

17  47  10.4 

62    0    8 

7597 

17  54  59.6 

131  32  39 

99 

Assume  egress  at     17  5C  59     instead  of     17  .5.5  59, 
which  gives  the  position     17''  55'"  31-.2,     4r  21'  10' 

24763 

6i 

17  55  30.7 

41  21  45 

7600 

17  55  32.6 

131  56  27 

99 

The  same  error  of  1'"  vva.s  made  in  l)oth  transits  of  this 
star,  as  in  tlie  egress  of  tlie  preceding.  Substituting  51; 
for  55,  we  have  tlie  position    17''  SO"'  32-.7,    4P  5G'  28' 

24787 

'i 

17  56  32.6 

41  56  30 

A  7634 

17  59  13.4 

119  48     1 

125 

Assume  egress  at    18  2  10    instead  of    18  2  25, 
which  gives  the  position     17''  51)'"  5".8,     29°  51'  19' 

24829 

6| 

17  59    5.2 

29  51  56 

7678 

18    5  58.9 

161  28  19 

23 

Assume  ingress  at     18  0  10     instead  of     18  0  30, 
which  gives  the  position     IS""  5'"  49M,     7r  26'  39' 

25177 

H 

18    5  46.6 

71  26  45 

M  7693 

18    8  16.7 

122  18  52 

117 

Reducing  for  the  lower  part,  we  have  the  position 

18i<  S"i   18M,     32=  23'  46" 

25074 

n 

18    8  17.8 

32  23  27 

7715 

18  11  27.1 

138  18  33 

75 

Assume  ingress  at     18  9  22     instead  of     18  8  22, 
which  gives  the  position     18''  11'"  58».5,     48='  8'  40' 

25209 

7i 

18  11  58.3 

48    8  39 

7783 

18  20  30.3 

146  26  33 

57 

Assume  egress  at     18  22  6    instead  of    18  23  26,     which 
gives  the  position     18''  19'"  51".7,     56=  15'  44'.     Dimin- 
ishing  ingress  also  by  5  seconds  would  make  the  ac- 
cordance complete. 

25422 

7i 

18  19  48.5 

56  16  22 

7792 

18  21  47.3 

149    1  21 

47 

1  cannot  reconcile  these  observations  with  any  star  now 
in  the  sliy  except  l)y  changing  both  moments.    Assume 
ingress  at     18  17  19    instead  of     18  17  34    and  egress 
at     18  24  30    instead  of     18  23  30    and  we  have  the 
position     18''  22'"  9".0,     59°  10'  42' 

25.501 

8 

18  22  10.0 

59  10  51 

A  7803 

18  22  51.9 

120  42  29 

125 

Wrongly  reduced  in  British  edition.     The  place  should 
l)e  given  as     18'"  22'"  49''.4,     30°  42'  30' 

25431 

8 

18  22  48.1' 

an   1-j  vn 

7812 

18  23  55.0 

129  15  27 

99 

.Vssume  ingress  at     18  23  3     Instead  of     18  23  13, 
which  gives  the  position     18''  23'"  49».7,     39°  17'  23" 

25482 

H 

18  23  49.2 

39  17    4 

7871 

18  33  36.5 

121  47  47 

111 

Assume  ingress  at     18  31  42    instead  of     18  30  32, 
which  gives  the  position     18''  34'"  12«.3,     34°  33'  36' 

25738 

7*  18  34  13.9 

34  33  42 

A  7898 

18  36  39.9 

121     0  10 

117 
125 

Wrongly  reduced  in  British  edition.     The  mean  of  the 
places  should  l)e  given  as     18''  36'"  .38\2,     31°  0'  10' 

25806 

6J  18  36  37.7 

31     0  10 

7946 

18  43  39.4 

123  44  4  7 

117 

I  cannot  explain  tliis  observation.     Tlie  magnitude  64 
implies  that  the  star  was  comparatively  bright ;  yet  I 
lind  none  within  tlie  limits  of  tlie  zone  to  which  the 
record  of  either  transit  seeras  applicalile. 

1 

7969 

18  47  20.9 

157  37  45 

29 

Tlie  egress  is  evidently  recorded  2'"  too  early.     If  in  ad- 
dition to  this  we  assume  the  ingress  at     18  42  10    in- 
stead of    18  42  15,    we  have  the  position  18''  48'"  17».2, 
67°  48'  56' 

26203 

'i 

18  48  l;».2 

67  49  14 

7971 

18  47  43.5 

152  42  27 

41 

Assume  ingress  at     18  47  44     instead  of     18  42  44, 
which  gives  the  position     18"  50'"  I5".4,     63°  17'  42' 

26214 

7 

18  50  10.8 

63  1  7  .30 

7985 

18  49  23.0 

124    3  49 

111 

Assume  ingress  at     18  47  44     instead  of     18  48  4, 
which  gives  the  position     18''  49'"  V2'.\),     34°  7'  56' 

26108 

'i 

18  49  12.8 

34    7  45 

A  7906 

18  51  49.4 

119    1  51 

125 

Assume  egress  at     IS  53  32     instead  of     18  53  42, 
which  gives  the  position     18''  51'"  44-. 4,     28°  59'  41' 

26161 

6i 

18  51  45.2 

28  59  4 1 

8020 

18  55    4.4 

165  39  23 

15 

.Vssume  ingress  at     18  51  37     instead  of     18  51  7, 
which  gives  the  position     18''  55'"  rJ-.O,     75°  35'  53' 

26454 

"^ 

1.S  55  i;i.7 

75  36  15 

8031 

18  57  16.8 

163  22  52 

19 

Assume  egress  at     19  2  25     instead  of    19  1  25, 
which  gives  the  position     IS"  57"'  45'. 5,     73°  30'  46' 

26473 

r  1 

18  57  4.!. 6 

73  31  27 

804  G 

18  59  25.4 

164  24  36 

19 

Assume  ingress  at     18  57  29     Instead  of     18  57  14, 
which  gives  the  position     18"  .59'"  33-2.     74°  26'  41'. 
Another  observation  of  Lac.  S048. 

26534 

'i 

18  59  33.0 

74  26    3 

80  C.  6 

19    2  48.4 

123  45  16 

117 

Assume  ingress  at     19  2  53     instead  of     19  3  8, 
which  gives  the  position     19"  2'"  4IV.9,     33°  42'  10' 

26425 

7*  19    2  10.6 

33  41  49 

8106 

19  10  34.7 

1  15  46  28 

57 

Assume  egress  at     19  16  58     Instead  of     !;•  10  58, 
which  gives  the  position     19"  13'"  2S-.7,     56°  35'  36' 

26734 

7 

19  13  28.7 

56  35  49 

8171 

19  22  10.7 

162  15  55 

19 

I  canmit  explain  this  ob.servalion. 

8179 

19  24     '.t.S 

169  32  24 

11 

Assmiie  I'grt-ss  at     19  29  30     Instead  of     19  28  40, 
whUh  gives  the  position     19"  24'"  36M,     79°  27'  21' 

27191 

-i 

19  24  36.7 

79  26  35 

8181 

19  24  45.6 

169  29  23 

11 

Assume  egress  at     19  30  30     instead  of     19  29  30. 
which  gives  the  position     19"  25"'  17*.2,     79-  23'  15' 

27202 

'i 

r.'  25  14.7 

79  23  4 1 

20 
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Magi          a 

d 

8203 

19  28  41.6 

162  38  44 

19 

Assume  insress  at    1!)  26  8    instead  of    10  2G  .S8, 
wliich  gives  the  position     ll|i'  L'!<"'  2i;-.I,     72-  43'  4' 

27157 

7:;  19  28  29.3 

72  43    6 

M8225 
M8232 

19  32  32.1 
19  33  13.7 

118  .56  10 

119  30  53 

125 

Interchanging  the  times  of  egress,  we  liave  tlie  positions 
lili'  32"'  13'.0,     29°    4'  24" 
I'J    33     33  .0,     29   22    44 

27097 
27120 

7     19  32  13.7 
6]   19  33  34.2 

29  4  47 
29  22  54 

8246 

19  35  58.7 

127  48  11 

105 

Assume  ingress  at    19  37  17    instead  of     19  32  17, 
wliich  gives  tlie  position     19i'  38'"  83'.7,     36^  49'  24" 

27245 

7     19;58  33.2 

3G  49  37 

8276 

19  41  28.6 

132  28  19 

93 

Lacaillk's  oljservation  is  correctly  reduced.     Tlie  po- 
sition of  Gen.  Catal.  27305  may  possibly  t)C  erroneous, 
for  it  depends  only  on  one  observation :  but  the  other 
two  stars  were  repeatedly  observed.     No.  27.'!06  is  too 
faint  for  i)robable  identity;  and  the K.. A.  of  no.  27312 
differs  from  Lacaii-le's  by  2o-.     .Such  proper  motion  as 
this  would  imply  is  contradicted  by  the  Gen.  Catalogue. 
The  supposition  of  an  error  of  25"  at  both  moments  is 
not  plausible,  for  the  egress  of  Lac.  8280  was  correctly 
noted  during  tlie  interval. 

27305 
27306 
27312 

8     19  41  26.5 
9>  19  41  32.0 
73  19  41  53.6 

42  29  26 
42  28  35 
42  28  33 

8305 

19  45  32.2 

131  53  20 

93 

VVronglv  reduced  in  British  edition.      The  place  should 
be  given  as     19''  45'"  32\2,     42=  4'  28" 

27411 

7^  19  45  30.6 

42    4  58 

8S11 

19  46  54.3 

145  44  48 

57 

I  find  no  star  reconcilable  with  Lacaii.i.ic's  record  here. 
Adding  4'"  to  each  transit,  we  have  a  decided  similarity 
with  the  observation  of  Lac.  8337  in  the  upper  part. 

M  8324 

19  48  52.3 

151  34    3 

41 

Assume  egress  at     19  57  15     instead  of     19  51   15, 
which  gives  the  position     19''  51'"  54».3,     fi2°  14'  50" 

2759.S 

7     r.)  51  55.9 

62  15  40 

8344 

19  51  42.3 

134  42    0 

93 

Assume  egress  at    19  52  10    instead  of    19  51  40, 
which  gives  the  position     19''  51"'  58M,     44=  aC  38" 

27549 

7     19  51  57.2 

44  36  59 

M8345 

19  51  43.2 

154  11  26 

35 

.\ssume  ingress  at    19  50  0    instead  of    19  49  30, 
which  gives  the  position     19''  51'"  58'.5,     G4^  8'  15" 

27609 

6i  19  51  56.6 

64    7  49 

8348 

19  52  24.4 

134  31  28 

93 

Assume  ingress  at     19  52  7     instead  of     19  51  42, 
which  gives  the  position     lO*"  52'"  36».2,     44°  35'  57" 

27562 

6^  l!l  52  36.7 

44  35  49 

8361 

19  54  28.6 

138    6    8 

75 

Assume  egress  at    19  58  24    instead  of    19  56  24, 
which  gives  the  position     19''  55'"  25».3,     48°  25'  41" 

27641 

63-  19  55  25.6 

48  25  53 

8362 

19  54  43.4 

126  42  IS 

105 

Assume  egress  at  ■  19  55  17     instead  of     19  55  2, 
which  gives  the  position     19''  54"'  50«.7,     36°  45'  17" 

27600 

53-  19  54  47.4 

36  45  31 

A  8429 

20    9  27.6 

120  56  45 

124 

Assume  egress  at    20  10  51     instead  of     20  10  4, 
wliich  gives  the  position     20''  9'"  51\4,     30°  46'  37" 

27969 

7i  20    9  51.1 

30  46  17 

8460 

20  13  57.1 

174  24  10 

3 

I  cannot  explain  this  observation  without  arbitrary  as- 
sumption of  errors  of  record  in  both  transits. 

8467 

20  l.j  50.6 

IGO  43    4 

23 

Lacaili.e  gives  the  magnitude  as  6,  but  the  only  star 
with  which  his  observation  can  now  be  reconciled  is  8". 
For  this  it  is  necessary  to  assume  the  seconds  of  in- 
gress as  40  instead  of  4,  and  the  minute  of  egress  as 
22  instead  of  23.  These  changes  would  give  the  position 
20''  15'"  39M,     70°  35'  42" 

28204 

8    20  15  40.2 

70  36    6 

8493 

20  19  30.8 

166  48     1 

15 

Assume  ingress  at    20  13  55     instead  of    20  14  55, 
which  gives  the  position     20''  19'"  1«.4,     76°  40'  34" 

28362 

7a  20  19     1.2 

76  42    6 

A  8556 

20  31  33.4 

114  42  29 

137 

Wrongly  reduced  in  British  edition.     The  place  should    28461 
be  given  as     20''  31'"  33'.  7,     24°  37'  53" 

7    20  31  33.2 

24  36  50 

8565 

20  32  17.9 

144  40  54 

63 

Error  of  10  minutes  in  British  edition.   The  place  should    28736 
be  given  as     20''  42'"  18«.0,     54°  40'  54"                              | 

7120  42  15.4 

54  41    9 

M8575 

20  34    4.4 

118  16  47 

131 

The  minute  for  both  ingress  and  egress  should  he  .35  in- 
stead of  34,  giving  tlie  position  20^'  35'"  4».4,  28°  IG'  47" 

28557 

7i  20  35    3.0 

28  16  25 

M  8589 

20  35  33.3 

118    9  31 

131 

The  minutes  for  ingress  and  egress  should  be  36  and  37  in- 
stead of  35  and  36,  giving  the  position      20''  36'"  33*.3, 
28°  9'  31" 

28593 

6f  20  36  33.1 

28    9  28 

A  8601 

20  36  50.5 

117  4Q  59 

'  131 

The  minute  at  ingress  should  be  35  instead  of  34,  giving 
the  position      20''  36'"  51*.5,     27°  49'  59".      Corrected  in 
British  edition,  wliere  is  an  error  of  1«. 

28598 

4    20  36  50.9 

27  50    3 

8643 

20  46    9.2 

171 11    3 

7 

Assume  egress  at    20  49  40     instead  of    20  50  40, 
which  gives  the  position    20"  45"  40'.3,     81°  6'  49" 

29062 

74  20  45  51.2 

81    6  52 

8674 

20  49  59.2 

128  21  59 

105 

Assume  ingress  at    20  48  23     instead  of     20  47  23,           28906 
which  gives  the  position     20''  50'"  28*.2,     38°  33'  54" 

7i  20  50  27.1 

38  33  55 
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8696  20  53  7.3  164  10  39 

8703  20  54  19.6  170  53  19 

8705  20  54  39.0  150  37  51 

M8716  20  56  14.0  113  23  58 

8746  21  1  9.5  163  50  39 

8775  21  4  43.5  146  56  28 

8781  21  5  50.1  146  41  56 

8816  21  12  22.8  147  29  52 

8817  21  12  31.0  1G8  27  59 

8818  21  12  31.1  168  27  48 


137 
19 

53 
53 
53 


M  8875 

21  25  36.7 

115  34  6 

137 

8936 

21  36  15.9 

161  41  31 

23 

8989 

21  46  3.7 

119  29  50 

125 

A  9003 

21  48  18.0 

118  35  53 

125 

A  9004 

21  48  50.2 

121  5  4 

119 

9019 

21  51  42.3 

120  57  16 

124 

A  9072 

22  0  55.0 

115  18  46 

137 

A  9086 

22  2  53.5 

114  17  37 

A  9083 

22  2  35.8 

118  37  14 

125 

A9131 

22  12  8.0 

119  14  35 

125 

A9162 

22  17  17.6 

123  34  52 

119 

9193 

22  24  13.7 

142  1  32 

65 

A  9222 

22  29  25.5 

120  13  19 

124 

9228 

22  30  44.0 

171  7  48 

7 

9232 

22  31  4.6 

162  12  12 

19 

9242  22  32  43.3  132  56  38 
9247  22  33  11.7  162  34  18 


.A,ssume  ingress  at    20  49  1     instead  of    20  50  I, 
which  gives  the  position    20''  52"'  38'.7,     74'  1'  34' 

-Assume  ingress  at     20  48  55     instead  of    20  49  55, 
which  gives  the  position     20''  5;5"'  48'.7,     80"  57'  45' 

Assume  ingress  at    20  52  G     instead  of    20  51  31. 
which  gives  the  position    20''  54"'  5G-.3,     «0=  42'  12' 

.Assume  ingress  at    20  55  6     instead  of    20  55  2C, 
which  gives  the  position     20''  oG"'  3-.7,     23='  28'  32' 

I  can  only  explain  this  by  assuming  ingress  at    20  55  22 
instead  of    20  5G  52,     and  egress  at    21  4  52     instead 
of    21  5  2.     Then  we  should  have  the  position 
21''  0'"  21'.4,     73°  38'  29" 

Assume  egress  at    219  31     instead  of    2110  31, 
which  gives  the  position     21''  4"'  14«.2,     56°  48'  39' 

Assume  egress  at    21  9  41     instead  of    21  10  41, 
which  gives  the  position     21''  r,"'  20".",     SG''  .33'  59' 

Assume  ingress  at    21  8  37     instead  of    21  9  42. 
whicli  gives  the  position     21''  11'"  51».0,     57=  20'  50' 

There  is  but  one  star  here.  Although  two  are  recorded 
as  observed,  1751  Sept.  24,  and  two  are  given  in  the 
catalogue  appended  to  the  Cueliim  Australe,  this  is 
evidently  due  to  some  confusion  in  tlie  record.  See 
Uranom.  Argent,  p.  80.     »'  0<:tantis. 

Both  ingress  and  egress  should  be  diminished  by  1'". 

Assume  ingress  at     21  27  1     instead  of    21  32  1, 
which  gives  the  position     21''  33'"  47'.7,     71M6'  28' 

Assume  egress  at    21  49  39     instead  of    21  48  59, 
which  gives  the  position     21''  4G"'  23M,     29°  38'  25'. 
1}  Piscis  Austrini. 

Assume  ingress  at    21  47  57    instead  of    21  47  47, 
which  gives  the  position     21''  48"'  22>.7,     28°  33'  41' 

Assume  ingress  at    21  48  51     instead  of    21  48  5G, 
which  gives  the  position     21''  48'"  47-.G,     31°  G'  9' 

Assume  ingress  at  21  51  o7  instead  of  21  51  32,  and 
egress  at  2153  17  instead  of  2152  17,  and  we  obtain 
tiie  position     21''  52'"  25'.0,     39°  49'  44' 

Interchanging  the  egresses  of  the.so  stars,  we  obtain  the 
positions 

22''  0'"  45«.9,         2.5°  14'  27' 
22    3       2  .8,        24    22      0 

Wrongly  reduced  in  British  edition.  The  place  should 
be  given  as    22''  3"'  5'.8,     28°  37'  13' 

Assume  ingress  at    22  10  1     not    22  10  9 
which  gives  the  position     22"  12'"  3'.9,     29=  10'  19' 

Assume  egress  as     22  18  10     instead  of    22  IS  19, 
whieii  gives  tlie  position     22''  17'"  12-.9,     33°  36'  4G'. 
J  Piscis  Aiistrini. 

Assume  Ingress  at    22  22  9     Instead  of    22  22  29. 
which  gives  the  position     22"  24"'  4M,     51°  58'  21' 

Assume  egress  at     22  29  40     instead  of    22  31  40, 
which  gives  the  position     22"  28"'  24-.7,     30'  30'  24* 

Assume  ingress  at     22  25  40     Instead  of    22  24  40. 
wliich  gives  the  position     22"  31"'  15M,     81°  3'  29'' 

I  cannot  explain  this  observation  except  by  supposing 
the  Ingress  to  have  been  recorded  1'"  l.'i",  and  the 
egress  1'"  loo  late.  These  lussuniptlons  give  the  position 
22"  29'"  66".G,     72°  14'  28' 

Assuming  ingress  nt    22  29  10     instead  of    22  29  30, 
we  obtain  the  position     22"  32"'  32'.5,     43°  0'  12" 

Assume  Ingress  at    22  30  10     Instead  of    22  31  20. 
which  gives  the  position     22"  32'"  3,V,4.     72-   44'  27' 


29091  7J  20  52  37.8  74    2    8 

29234  7J  20  53  50.5  80  57  35 

29066  7^  20  54  55.5  60  42  50 

29036  71  20  56    3.4  23  28  37 

29255  7i  21     0  23.2  73  38    1 

29269  7A  21    4  14.1  56  49  25 

29284  7^  21    5  21.7  56  35    0 

29408  8]  21  11  49.0  57  20  54 

29533  3J  21  12  31.4  78  28  35 


29631 

'1 

21 

24  35.8 

25  33  36 

29905 

H 

21  33  47.2 

71  16  17 

30101 

53 

21  46  24.7 

29  38  23 

30145 

7+  21  48  21.9 

28  33  30 

30153 

7i 

21  48  46.6 

31  5  51 

30230 

8 

21 

52  27.0 

30  49  21 

30390 

7 

22 

0  46.2 

25  13  59 

30424 

6i 

22 

3  3.0 

24  22  24 

30429 

7 

22 

3  7.0 

28  37  23 

30608 

7 

22 

12  4.5 

29  16  18 

30704 

■'.' 

22 

17  13. 6 

33  37  6 

30857 

'i 

22 

24  3.3 

51  58  18 

30917 

H 

22 

28  24.1 

30  39  32 

31096 

8 

22 

31  25.5 

81  2  6 

31003 

7J 

22 

29  57.7 

72  14  27 

3101-.'    7]  22  32  36.4     43    0    1 
31064    7}  22  32  35.0     72  44  19 


22 
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Catalogue-position. 

C.  A. 

Arg.  Gen.  Catal.  forKqu 

nox  1750.0 

No. 

R.A. 

N.p.a 

No.  jMag 

a 

8 

h       III       • 

O         1         It 

page 

1 

h       in       t 

o      1    ii 

9272 

22  36    4.7 

154  12  33 

35 

Assume  ingress  at    22  ."$1  25     instead  of    22  .I.S  4,5, 

31111 

7J  22  36  26.4 

64    8    3 

wliicli  gives  llie  position     22i'  3G'"  2.V.0,     (;4"  8'  \i\" 

9278 

22  37    0  0 

139    4^9 

71 

Interclianging  the  egresses  of  these  two  stars,  we  ol)taln 

31113 

'i 

22  37  29.9 

48  53  36 

9285 

22  38  M.3 

139     7  21 

the  positions 

22''  37'"  33'.8,         48'  53'  19" 

31115 

"* 

22  37  36.7 

49  18  39 

22     37     40  .5,         49    18    25 

9280 

22  38  1  1.3 

130  46  21 

99 

To  reconcile  this  observation  with  the  sl^y,  the  ingress 

must  l)c  supposed  35'  earlier,  and  tlie  egress  .'iO-  later, 

and  furthermore  the  observation  to  liave  been  in  the 

lower  part.     Then  the  position  will  be 

22''  38'"  8'.3,     40=  37'  11" 

31120 

n 

22  38    8.2 

40  37  10 

A  9290 

22  38  48.2 

1 20  28    9 

124 

Assume  ingress  at    22  37  39     instead  of    22  37  29, 
wliich  gives  the  position     22i'  38'"  53M,     30'  30'  19" 

31125 

8 

22  38  53.0 

30  30    5 

9303 

22  41  59.6 

134    3  33 

93 

Assume  ingress  at    22  38  51     instead  of    22  39  51, 
which  gives  the  position     22"'  41'"  31».7,     43'  52'  35 " 

31176 

8 

22  41  31.8 

43  52  421 

A  9373 

22  53  25.1 

121  21  11 

119 

Assume  ingress  at     22  52  44     instead  of     22  52  54, 
whicli  gives  tlie  position     22"  53'"  19«.9,     31°  23'  19" 

31392 

n 

22  53  18.3 

31  23  36 

9374 

22  53  37.4 

159  15  59 

29 

Assume  ingress  at    22  5152     instead  of     22  52  22, 
which  gives  tlie  position     22''  53'"  22\7,     69°  13'  17" 

31418 

6i 

22  53  22.7 

69  13  20 

9387 

22  56  43.7 

13)  17  55 

85 

Assume  ingress  at    22  56  24     instead  of    22  57  24; 
which  gives  the  position     22''  56"'  15».0,     44'  7'  2" 

31449 

'i 

22  50  13.7 

44    6  13 

9392 

22  57  46. 3 

171  39  42 

7 

The  simplest  way  of  explaining  tliis  observation  is  I)y 
assuming  the  ingress  at    22  45  50   instead  of    22  47  50, 
which  gives  the  position     22''  56'"  48",     81°  47'  13" 

31522 

^^ 

22  57    1. 

81  46  54 

9397 

22  58  41.5 

140  54  48 

65 

Assume  egress  at     23  2  50     instead  of     23  2  25, 
which  gives  the  position     22''  58'"  53«.5,     50°  38'  39" 

31490 

n 

22  58  53.1 

50  58  21 

i 

9398 

22  58  59.3 

140  35  40 

65 

Assume  ingress  at     22  59  15     instead  of    22  58  40, 
which  gives  the  position    22"  59'"  17'.5,     50'  30'  8" 

31502 

7a 

22  59  17.2 

50  29  54 

9404 

23    0  20.5 

140  16  42 

65 

I  cannot  reconcile  this  observation  with  the  sky,  except 
by  scarcely  permissible  assumptions.   Yet  if  the  ingress 
were  assumed  as  5'  earlier  tlian  recorded,  and  the  egress 
25'  later,  we  should  have  the  position 

23"  0'"  30\0,     50'  21'  28" 

31514 

8 

23    0  30.4 

50  21     9 

i 

9409 

23     1  31.6 

143  13  37 

59 

There  seems  to  be  no  discoveral)le  en-or  in  Lacaili-e's 
record. 

31537 

'^ 

23     1  40.0 

53  13  48 

9415 

23    2  28.3 

132    0  14 

Although  tlie  observations  of  uos.  9415  and  9416  are  re- 

31546 

^ 

23    2  24.8 

42     1  18 

9416 

23    2  30.7 

132    0  47 

85 

corded  on  the  same  evening,  there  appears  to  be  but 
one  star  here.     The  case  is  analogous  to  that  of  )■  Ot- 
tantis,  uos.  8817,  8818. 

A  9439 

23    5  35.5 

119  40  38 

125 

Reducing  the  observation  for  the  lower  part,  we  obtain 
tlie  position    23''  5'"  36\3,     29'  44'  34" 

31598 

6a 

23    5  36.7 

29  45    3 

9451 

23    8  24.2 

134  44  15 

85 

Wrongly  reduced  in  British  edition.     The  place  should 
be  given  as     23"  8"'  24-'.  2,     44'  33'  33" 

31654 

7i 

23    8  23.8 

44  33  14 

9506 

23  18    1.1 

147  41     6 

53 

Assume  ingress  at     23  15  40     instead  of     23  16  0, 
which  gives  the  position     23"  17'"  51'.2,     57°  38'  23" 

31831 

8i 

23  17  51.3 

57  38  46 

9541 

23  25    5.5 

13G  53  18 

77 

Assume  ingress  at    23  26  45     instead  of    23  26  10, 
which  gives  tlie  position     23"  25"'  22».0,     46'  59'  23" 

31975 

8 

23  25  24.4 

46  59  36 

9542 

23  25  21.3 

132  54    3 

85 

Assume  ingress  at    23  24  39     instead  of     23  24  24, 
which  gives  the  position     23"  25'"  29M,     42'  51'  22" 

31976 

H 

23  25  30.4 

42  51  26 

9553 

23  27  33.5 

133-8  43 

85 

Assume  ingress  at    23  26  57     instead  of    23  25  57, 
wliich  gives  the  position    23"  28'"  4».7,     42°  58'  1" 

32015 

n 

23  28    6.0 

42  57  52 

9564 

23  29  35.0 

133    8  12 

85 

Assume  ingress  at    23  28  50     instead  of    23  28  0, 
which  gives  the  position     23"  30'"  P.l,     42°  59'  16" 

32054 

8 

23  30    4.2 

42  59  31 

9575 

23  30  42.3 

129  19  53 

95 

Assume  egress  at    23  35  7,     instead  of    23  33  7, 
which  gives  the  position     23"  31"'  39^9,     39°  42'  54" 

32085 

7^ 

23  31  38.7 

39  43    8 

9712 

23  52    5.3 

143  35  50 

59 

Assume  ingress  at    23  50  47     instead  of    23  50  22, 
which  gives  tlie  position    23"  52'"  18'.2,     53°  32'  12" 

32428 

li 

23  52  18.5 

53  32  23 

9734 

23  55    6.8 

169  54  28 

11 

Assume  ingress  at    23  51  40     instead  of    23  51  0, 
which  gives  the  position    23"  55'"  25'. 7,     79'  58'  11" 

35 

H 

23  55  26.1 

79  59  29 

9743 

23  56  37.5 

165  29  58 

15 

Assume  ingress  at    23  52  14     instead  of    23  53  14, 
wliich  gives  the  position    23"  56'"  6*.8,     75'  37'  21" 

45 

8 

23  56    3.8 

75  37  49 
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Catalogue-position. 

C.A. 

Arg.  Gen.  CaUl.  forEqnioox  1750.0  ' 

No. 

K.A. 

N.P.D. 

No. 

Mag 

a 

1         * 

1592 

4  37  l.T.l 

175  49  33 

1 

This  observation  is  clearly  incorrect,  a.s  recorded.     The 
ingress  should  probably  be  some  minutes  earlier,  but 
even  this  supposition  is  inadequate  to  explain  the  ob- 
servations. 

4672 

6A    4  33    4.4 

85  55  30 

4011 

9  35  51.3 

134  49  55 

79 

Assume  ingress  at    9  30  52     instead  of    9  3G  32, 
which  gives  the  position    g""  3G'"  1'.5,     44-  W  23' 

13308 

7f    9  36    4.0 

44  46    5 

j 

4014 

9  36  23.2 

134  50  16 

.79 

Assume  ingress  at    9  37  23     instead  of    9  37    3, 
which  gives  the  position    9''  36'"  33'.5,     44=  46'  44' 

13323 

7      9  36  33.6 

44  46  21 

1 

5882 

14    3  41.0 

175  27  44 

5 

Assuming  the  ingress  as  1"'  earlier,  and  the  egress  as  1™ 
later  than  recorded,  we  obtain  the  position 
14''  3'"  49«.2,     85'  22'  19' 

19809 

7^  14    3  39.7 

85  22  24J 

EPHEMERIS 

OF   VARIABLES 

OF   THE   ALC 

OL- 

TYPE. 

Appi 

oximate  Greenwich  Sl.T., 

1690. 

.June 

July 

August 

Septera 

ber 

September 

.1        h 

a    "h 

u 

h 

t 

h 

d     h 

1    12 

U  Ophiuchi 

1    11 

U  Ophiuciii 

1 

12 

Algol 

1 

6 

{7  Cephei 

23   15 

2     7 

Y  Cygni 

2    16 

r Cygni 

1 

15 

U  Ophiuchi 

1 

12 

y  Cygni 

24   13 

2   17 

L'Corouae 

3     9 

U  Corouae 

;! 

11 

}.  Tauri 

1 

14 

Ji  Can.  Maj. 

24   14 

3    11 

C'Ccpliei 

3     9 

Algol 

3 

14 

U  Ophiuchi 

2 

8 

li  Can.  Maj. 

25   18 

3  18 

U  Ophiuchi 

4   19 

y  Cygni 

4 

15 

S  Librae 

2 

14 

U  Ophiuchi 

27  12 

4   15 

U  Ophiuchi 

5   15 

U  Cephei 

4 

19 

U  Coronae 

3 

12 

y  Cygui 

27  13 

5  11 

Y  C'v2ui 

5  16 

d  Lilirae 

5 

16 

y  Cygni 

3 

14 

f  Corouae 

27  10 

5   17 

Algol 

5  22 

Algol 

6 

11 

U  Cephei 

3 

17 

U  Ophiuchi 

28     8 

8  11 

S  Librae 

6  10 

f/ Ophiuciii 

6 

12 

/.  Tauri 

5 

13 

U  Cephei 

28  15 

8  11 

P  Ophiuchi 

6  11 

Y  Cygni 

7 

15 

C'Oiiiiiuchi 

6 

13 

(f  Librae 

30  12 

8  17 

U  Cei)hei 

8     8 

U  Cephei 

'.) 

18 

y  t'ygni 

6 

13 

y  Cygni 

30  13 

8  19 

Y  Cvsni 

8  16 

U  Coronae 

10 

8 

n  Oi.hiuchi 

7 

9 

9   13 

Algol 

8    19 

1'  Cygni 

10 

14 

A'  Can.  Maj. 

7 

13 

October 

;•  16 

U  Ophiuchi 

10   16 

U  Ophiuchi 

11 

13 

U  Cephei 

8 

16 

5  Cancri 

1     8 

10  12 

U  Opliiuchi 

11    12 

U  Ophiuchi 

12 

9 

J{  Can.  Maj. 

8 

17 

U  Ophiuchi 

2  13 

11   17 

Y  Cvgni 

11    15 

("S  Librae 

12 

15 

y  Cygni 

9 

13 

Algol 

2   19 

12   IG 

Algol 

11    16 

/.  Tauri 

12 

20 

fi  Librae 

9 

14 

U  Ophiuchi 

3     9 

13  10 

U  Ophiuchi 

12     8 

y  Cygni 

13 

14 

Algol 

9 

20 

1'  Cygni 

3   13 

14   16 

U  Cephei 

13     8 

U  Coronae 

13 

19 

1}  Can.  Maj. 

9 

20 

I'  Cephei 

3   14 

14  16 

A'  Librae 

13     9 

U  Cei)hei 

14 

18 

U  Coronae 

10 

10 

A'  Can.  Maj. 

3  17 

15  11 

U  Corouae 

13   18 

y  Cvgni 

10 

14 

C  Ophiuchi 

11 

14 

U  Coronae 

4   14 

15   12 

r Cygni 

14   15 

;.  Tanri 

10 

19 

S  Cancri 

12 

9 

li  Can.  Maj. 

4  20 

16     9 

V  Ophiuchi 

16   13 

C"  Ophiuciii 

17 

10 

{/Ophiuchi 

12 

10 

Algol 

5   16 

17  16 

U  Oi)liiuchi 

17     9 

y Cvgni 

r.i 

14 

1' Cvgni 

12 

13 

y  Cygni 

6  13 

18   10 

y Cvgni 

17   15 

<V  Librae 

19 

15 

Aigol 

12 

17 

U  Ophiuchi 

7  14 

19     0 

U  Cephei 

18     8 

U  Cephei 

19 

18 

U  Cephei 

13 

16 

r  Ophiuchi 

8  10 

19   14 

<V  Librae 

20     9 

U  Coronae 

20 

17 

]{  Can.  Maj. 

15 

12 

Algol 

8  13 

19   17 

U  Coronae 

20   15 

).  Tauri 

20 

17 

y  Cvuni 

15 

13 

C*  Cephei 

8  14 

20  13 

r Cygni 

20   15 

Algol 

20 

19 

Algol 

15 

14 

r  Ophiuchi 

9     6 

20  10 

C7  Ophiuchi 

21    14 

f  Ophiuchi 

22 

11 

K  Librae 

16 

13 

y Cygui 

9   13 

21     9 

f 'Ophiuchi 

22    10 

y  Cvgni 

22 

14 

Ji  Can.  Maj. 

16 

16 

8  Cancri 

10  20 

22   10 

U  Cephei 

23     7 

Algol 

23 

16 

r  Coronae 

17 

8 

Algol 

11    10 

23     9 

1' Cygni 

23    15 

).  Tauri 

24 

10 

t' Ophiuchi 

17 

11 

{'Coronae 

U    12 

23   16 

C  Ophiuchi 

26    14 

{/Ceiihei 

24 

17 

Ji  C  an.  Maj. 

17 

19 

A'  Can.  Maj. 

U    15 

24  18 

r  Cvgni 

26   15 

y  Cvgni 

25 

14 

Algol 

18 

11 

y  Cvgni 

12   IS 

25   14 

fi  Libiae 

27     8 

Algol 

26 

13 

}'  Cvgni 

18 

13 

A'  Can.  Maj 

12   19 

26   10 

U  Ophiuchi 

27   11 

."1  Librae 

26 

14 

rCei.hei 

18 

16 

r  Ophiuchi 

IS   11 

26   11 

U  Coronae 

27  13 

r  Ophiuciii 

27 

11 

('  C(U-onae 

20 

19 

rCeiihei 

13   14 

26   16 

{'Cephei 

28     7 

U  Coronae 

27 

15 

Algol 

21 

8 

Algol 

14      6 

28     il 

U  Ophiuchi 

28  -  7 

1'  Cygni 

28 

14 

1'  Cygni 

21 

13 

{'Ophiuchi 

14      7 

2'.'    HI 

Algol 

28  20 

).  Tauri 

28 

15 

«'^  Cancri 

21 

21 

y  Cygni 

15    12 

29    16 

1'  Cvgni 

29   15 

Algol 

29 

9 

r  Ophiuchi 

22 

12 

f*  Coronae 

18   10 

29    18 

Algol 

31    17 

('  Cephei 

29 

17 

f  Ophiuchi 

23 

8 

y  Cvgni 

18   12 

30  15 

y  Cygni 

31 

14 

(t  Librae 

23 

13 

U  Cephei 

18   13 

24 
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OBSERVATIONS   OF   COMET  a  1890, 

MADK     AT     TIIK     V.  S.      NAVAL     OBSKUVATOHY     WITH     TIIK     9.C-INX'H     KQl'ATOUIAI., 

Bv  Pkof.  e.  FinsnY. 


1800  WashiiiKton  M.T. 


Mav  12  11  38  59.8 
15  11  24  51.2 


Xo. 

Coliip 


''—  * 


<^'. 


/la 


JS 


's  appaix-nt 


log  7)A 


10,2        +2  38.01       —9  37.0 
11  ,3        +1   29.32       +4  54.3 


20  42   7.20       +39  49  .^5.0     ?i9.775     0.586 
20  35  0.77       +42  41     4.3     }(9.794     0.550 


31ean  Places  for  1800.0  of  Comparison-Stars. 

§  „,l*.?^';,,'°.„  Autliority 


20  39  33.57 
20  33  30.87 


Red.  to 
app.  place 

+  0'.62 
+  0.58 


+  39  59  48.6 
+  42  36  26.6 


Hctl.  to 
app.  place 

—  16.6 

—  16.6 


Pai-is  1880 
Kadcliffe  4891 


SPECTROGKAPIIIC   OBSERYATIONS   OF   SPICA. 


At  the  full  session  of  the  Berlin  Academy  of  Sciences,  on  April 
24,  Dr.  .'\UWERS  communicated  results  of  the  spectrographic  im- 
pressions of  the  star  a  FiVr/i'w  is  made  at  the  Potsdam  astrophysical 
observatory,  from  which  Prof.  Vogki,  had  deduced  an  orbital  mo- 
tion of  short  period,  for  this  star. 

The  spectrum  belongs  to  tlie  class  1  a,  and  shows  broad  dift'use 
hydrogen-lines.  Two  photographic  impressions  of  it,  in  April  1S89, 
agreed  in  exhibiting  an  unusually  strong  displacement  of  the  lines 
toward  the  violet,  while  a  third  taken  only  two  days  after  the 
second  gave  a  considerable  displacement  toward  the  red.  To  ob- 
tain an  explanation  of  this,  photographs  of  Sjnca  were  made  at  every 
favorable  opportunity  during  the  niontli  of  April.  From  these  the 
following  values  have  been  deduced  for  the  motion  of  the  star;  the 
positive  sign  denoting  motion  in  the  direction  from  the  sun,  and  the 
negative  sign,  motion  toward  it. 


Potsdam  M.T. 

Obs'U  Motion 

Red.  to© 

*-o 

April  21     9  15 

—  85.8  kilom 

— 5.2  kilom. 

—  91.(j  kilom. 

29  11  10 

—  88.8 

—8.9 

07.7 

May      1  10  58 

+  55.5 

—9.(5 

+  45.9 

April    4  11  30 

—  25.2 

+3.7 

—  21.5 

9  10  30 

—105.1 

+1.5 

—103.6 

10  11  30 

0  2 

+0.7 

—     1.5 

11  10  50 

+  5(!.2 

(1.0 

+  .56.2 

13  10  50 

— 108..S 

— 0.7 

—109.5 

15   11     0 

+  83.0 

—2.2 

+  81.4 

These  observations  are  represented 
prosimation,  l)y  the  formula 


■atisfactorily,  for  a  first  ap- 


V  =  r„  sin 


(^■-). 


4    +  8.9 

1890  Apr 

11    —10.4 

9    +  7.4 

13    +  1.5 

1(1    +15.5 

15    +14.8 

p  =  4>'  0''.3  for  the  period,  and  for  the  greatest  velocity  in  the  line 
of  vision  r„  =  89  kilometers.  If  we  furthermore  free  the  obser- 
vations from  the  cll'ect  of  a  movement  of  translation,  provisionally 
assumed  as    — 22  km,     we  have  the  following  residuals,  (O — C) : 

1889  Apr.  21    +20.0        1890  Apr. 
29    +13.3 
May    1    —20.7 

The  period  is  assumed  from  a  comparison  of  last  year's  observa- 
tions with  those  of  this  year,  and  the  numljer  of  periods  in  a  year 
appears  not  to  be  uncertain  by  more  than  ±2  periods. 

In  case  tlie  plane  of  the  orbit  is  not  greatly  inclined  to  the  line  of 
vision,  and  the  velocity  of  89  km  can  therefore  be  approximately  re- 
garded as  the  orl)ital  velocity,  the  distance  of  the  observed  star 
from  tlie  center  of  the  system  would  amount  to  about  4  880 000  Am. 
Should  the  companion  be  at  an  equal  distance  from  the  center  of 
gravity,  it  would  result  that  the  mass  of  each  of  the  two  bodies 
would  be  1.2  that  of  the  sun.  For  a  parallax  of  0".2  the  maximum 
apparent  distance  between  the  two  components  would  only  amount 
to  0".013,  so  that  tlie  companion  could  not  be  visiljle  even  witli  the 
most  powerful  instruments.  It  is  not  perceptil>le  upon  the  Potsdam 
plates ;  but  from  this  can  only  be  inferred  that  its  Ijrightness  does 
not  surpass  the  third  magnitude. 


if  we  assume    1890   April   2    10''    Potsdam   M.T.    for   the   epoch, 


Prof.  VoGEL  adds  that  numerous  observations  of  Bigel  made  at 
Potsdam  also  indicate  a  periodic  motion  as  probable;  but  that  the 
amount  of  tliis  variation  is  small,  and  not  capable  of  safe  determi- 
nation from  the  materials  at  hand. 


CORRIGENDA. 


No.  218,  p.  9,  col.  2,  line  4  from  ijelow,  erase  x,  which  was  intended  for  the  sign  of  multiplication. 
p.  10,  col.  1,  line  7  from  below,     for    sec/'    put    y/ sec  if  ■ 
col.  1,  line  18  from  below,     for    Vcos  2/,    put    -^  cos -if- 
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ON  THE  SEOUL AE  AND  LONG-PfiEIOD  INEQUALITIES  IN  THE  MOON'S  MOTION, 

Bv  JOHN  N.  STOCKWELL. 


1.  Diiriug  the  suininer  of  1881)  I  Inisied  myself  with  the 
piobleru  of  the  secular  variation  of  the  motion  of  tlie  moon's 
jierigee  and  node.  Although  I  liad  previously  examined 
with  much  care  the  secular  variation  of  the  moon's  mean 
hjiigitude,  1  had  never  yet  given  anv  attention  to  the  similar 
inequalities  which  affect  the  motion  of  these  two  elements. 
It  will  be  remembered,  b>'  tliose  conversant  with  the  subject, 
tliat  the  mean  motions  of  tiie  perigee  and  node  were  supposed 
to  be  always  the  same,  until  LaPlace  siiowed  that  they  were 
subjected  to  secular  inequalities  similar  to  those  of  the  mean 
U)ngitude,  and  arising  from  the  same  cause.  The  amount 
of  each  of  tiiese  secular  inequalities  has  a  constant  ratio  to 
tiiat  of  the  mean  motion  ;  and  hence  they  may  easily  be 
found  from  that  of  the  mean  longitude  when  these  ratios 
have  once  been  determined.  Tlie  value  which  I  iiave  found 
for  the  secular  variation  of  the  mean  longitude  of  tlie  moon's 
node  does  not  differ  very  materially  from  that  found  by 
LaPlace  and  subsequent  investigators;  and  this  small  dif- 
ference is  not  of  mucii  importance  in  this  investigation. 
Hut  it  is  otherwise  with  the  secular  equation  of  the  motion 
of  the  moon's  perigee.  If  the  value  which  I  have  obtained 
for  tiie  secular  motion  of  the  moon's  perigee  is  nearly  cor- 
rect, the  value  found  by  LaPlack  and  his  immediate  suc- 
cessors cannot  be  regarded  even  as  a  first  approximation  to 
the  value  of  that  motion.  But  in  order  that  the  reader  may 
judge  of  the  importance  of  this  investigation  I  will  first  give 
the  values  found  by  LaPi.ace  and  others  for  the  coellicieut 
(if  the  square  of  the  time  in  the  ox[ircssion  of  the  mean 
longitude  of  the  perigee, 

2.      If  we  denote  the  mean  longitude  of  the  moon's  perigee 


by  w,  and  also  let  (  denote  the  number  of  centuries  from  a 
given  epoch,  we  shall  have  for  the  variation,  Ja,  of  the 
mean  longitude  of  the  perigee  at  any  number  of  centuries 
from  the  epoch  :  — 

according  to  LaPi.aoi:,  . /w  =;  — 30.55'  v 

according  to  Bi'iKG  and  Blkckiiakot,  ./w  :=  — 29.98-1- 

accordiug  to  Damoiseau,  Jm  =  — 39.70'i- 

according  to  Plana,  Jki  =  — 40.23*  i* 

while  Hansen  first  gives  .J(o  =  — 3y.l8*i- 

and  afterwards  reduces  it  to  . /w  ^  — 36.31  •i- 

These  values  are  taken  from  Ann's  Memoir  oa  the  eclipses 
of  AoATiiocLES,  TiiALEs  and  Xekxes,  which  is  published  in 
the  FItilosophical  Transactions  of  the  lioyal  Society  of  Lou- 
don for  the  year  1853. 

If  any  question  of  science  can  be  definitely  established  by 
the  common  consent  of  investigators,  there  would  seem  to 
be  small  reason  to  doubt  the  general  accuracy  of  the  jire- 
ceding  coetlicients.  And  yet  1  have  found,  by  direct  calcu- 
lation, that  .1(0  is  very  nearly  expressed  by  the  e(|uatiou 


/w 


-f-lo".61i'i 


And  since  the  motion  of  the  perigee  is  direct,  it  follows 
that  this  motion  is  accelerated  instead  of  being  retarded,  from 
age  to  age,  as  has  been  hitherto  suiiposed. 

3.  I  shall  now  give  an  abstract  of  the  calculation  by 
which  this  last  value  of  ./w  has  been  obtained.  For  this 
purpose,  we  shall  observe  that  if  we  neglect  the  inclination 
of  the  moou"s  orbit  to  the  ecliptic,  the  general  diflferential 
eijuatioii  of  the  motion  of  the  perigee  will  be 


=  '■"  cos(y— (u)  - 


f^)  -  { 


^(Ui'' 

lU  ""       "■^"        '  dt   '  \jlr 

ill  wliieli  /.  (lenolos  the  sum  of  the  masses  of  the  earth  and 
moon,  e  the  eccentricity  of  the  moon's  orbit,  and  A',  llie  dis- 
turbing function.     If  we  now  put,  for  brevity. _ 

Tt 

'^''  .1        •     /  N  '''' 


cos(r — 0)) 


dr 
dl 

riie  abovt 


ih\  fdR\ 
^  dt   )  \dr  J 


0) 


[■qualion  will  be  simplified,  and  we  shall  have 

=  rap -!■](-)  .,3, 


rfoi 
'  dt 


(-') 


[0]  =  r  cos(i' — w)  '^  and 

[1]  =  cos(y — to)  ^  —  '2r  siu((' — to) 


This  equation  will  give  the  complete  value  of  -—  ,  arising 
from  the  first  power  of  the  disturbing  force.     If  we  repre- 
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sent  tlie  increments  of  [0],  [1],  (^)  -  &c.,  arising  from 
Die   lirst   and   second    powers  of   the  disturbing    force,   by 

«[o],  sl^^X  8%0:\,  &c., 


the  corresponding  increments  to  the  motion  of  the  perigee 

will  l)e  given  by  the  ciiuations 


(4) 


+  (f),n«]  +  c.]."""' 


V'S 


--«.(f 


+ 


dli 


d^  [1] 


and  second   powers  of  c'.      The   full  development  of  these 
various  (piaiitities  would  occupy  too  much  space  to  be  given 
depending  on  the  cube  of  the  distuiliing  force.     We  shall      liere  ;  and  I  shall  therefore  give  only  the  (piantities  actually 


Equations  (o-."))  will  give  the  valu,!  of         correct  to  terras 


now  attend  to  the  development  of  these  equations 


required.     Denoting  by  nt  and  n't,  the  mean  longitudes  of 


4.     For  this  purpose  we  must  first  substitute  the  values  of    ,  the  moon  and  sun  ;  and  by  m-  the  coeflicient  of  the  disturb- 


r  and  c,  corresponding  to  the  elliptical  motion  ;  and  we  may 
neglect  all  the  terms  depending  on  the  square,  and  higher 
powers  of  e,  but  must  retain  the  terms  depending  the  first 


ing  function,  we  shall  have  the  following  e<iuations  to  be 
used  in  the  computation  of  equations   (3-5)  on  which  tlie 

motion  of  the  perigee  depends. 


(6) 
(7) 

(8) 
(9) 


(10) 


[0]  =  o-)(j — e  +  cos(/(< — (o)  +  e  cos  2()tt — &j)| 
[1]  =  2an\ —  sin(n/ — a)  —  |  e  sin  2{iit — w)  \ 
(    t'([0]  ^  2an\  —  4  e  +  CQs{nt—oi)  +  |  e  cos  2(nt — w)|dV 


( 


+  «-«  -I  —  sin(w< — w)  —  e  sin  2(wi- 


.)}, 


+  a 


=  1 


2e  +  cos(nt — w) 


I  (ISo 

j  or 


(  ("([l]  =  2?i^ — siu(w< — (o) — 2esin2()(? — (o)lSr  +  un\i  e  —  2  cos  (nt — w) — |eeos2(n< — co)|S» 

]  +  j  — e  +  cos()i< — w)  +  e  cos2{nt — to)  t  —j—  +  a  j  — 2sin(ji< — m) — esiu2()i( — w)  \ —fr 

[  <V[0]  =  2cin\ —  ^  e  +  cos(h< — w)  +  §  e  cos  2{nt — to)  \8-r  +  a-n\ —  sin(7ii — to)  —  e  sin  2{nt — <«)  \S-c 
I  +  a-  \  —  2e  +  C08(?ii — w)  \  — ^  +  n\  cos{nt — lo)  +  2e  cos  2(m<— to)  [  di~ 


+  a'-ii\\  e  —  i  cos()i? — to)  —  ^  e  cos  2{nt — to)  \Sr-  +  (in\ —  2  sin(»/ — oi)  —  3esin  2(iit — to)  '^i^rSv 
+  a  \  — 3e  +  2  cos()i< — to)  +  e  cos  2(h<— to)  Y  — -  S)-  —  cr  s\n(nt — oi) 


dt 


(11) 


(12) 


(13) 


(14) 


—  siu(ji? — co)  —  2e  sin  2{nt — to)  \8-r  +  an\^  e  ■ 

+  \  —  e  +  cos(i// — 0))  +  e  cos  2{nt — to)  [  --^  +  n  j  • —  2  siu()/? — m) 


co»{nt — til)  —  4  e  cos  2{nt — (<>)  \  d'-v 
.    ,.  |  —  ^  r„in„,—iu; —e  sin2((i<— to)  I -^ 
+  an\  siu()/i — to)  +  ^  e  sin  2{nt — (ii)l8v-  +  n^ —  2  cos{nt — to)  —  4e  cos  2{nt — to)  |5»-5v 


+  -j  —  2  sin()(< — to) 


2e  sin2(?(f — to)  [  — —  8r —  ]  sin()(< — co)  +  e  sin2(?(f — to)  [  — -  Sv 


+  a  ]  3e  —  2  cos(?i< — to)  —  e  cos  2{nt — to 


urn 

'  )   dt 


dll\  _  vv_  ( 
dr  )        a-  i 


i^l  +  Je'-J  +  ^e\i  +  f  e'-|  cos(w<— to)— |)  1  —  ^e"$  cos2(Hf— n'O 


—  I  ^^1  — *«''!  cos(3)t<— 2/(7— (o)  +  -'i-e\l  —%e"-\  cos{nt—2n't  +  (,i)    | 


Kf 


dr 


=::'ii"|  jjl_je'-'|  sin2(u«— x'O  +  Sejl  — *e'-'|  siu(3//<— 2»,7— to) 

_|e|l  _|.e'-|sin()((— 2»'<  +  to)  [ 

=  —  I  —  iU  +  ^e'-l  —an  —ie'-l  cos  2(nt— n't)  —  3e51  —  ^e'-\  cos{Snt—2n't—M) 
a'  (.       " '  "  "  1 

+  Sep  _  I  e'-'l  cos(n<— 2>i'<+to)  —  |  e'  cos(ji'<— to')  |  8r 

+  2^1  3^1  —ie'-l  sin2{nt—n't)  +  |eSl  — |e'-|  sin(3H<— 2»V— to) 

— -'5^-6^1— I e'-|  siu(/i«— 2«'«  +  to)  jSi 
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d(-^j=  ^,  -  3|1— ^e'-^  sm2{nt—n't)  +  Se|l  —^e"\  sia{3nt—2n't—o>) 

—  K^e\l—%e'-l  s\a(nt—-2H't  +  a))  '- 8r 

+  —'i  3|1 — f  e'-|  cos2(h^ — n't)  +  3e|l — 'ie''-\  cos{3iit—2ii't — w)  » 
—  'Je\l  — 1«''\  cosiiU — 2n't  +  o))     j 


a   t 


dv 


m-  ( 


(15) 


(16) 


„  \\l  +  |e'=|— f  e'cos(n'<— w')— §J1— §e'-^  cos2(n<— n'O 

+  3e\l—^e'-l\bos{nt—2n't+M)—co3{3nt—2n't—<a)\  ■  d-r 

+  3— -   1— |e'-  ■  -  siii2(nf— nV)  +  J»?siD(3»?— 2h7— w)— Sesin(H<— 2n7+a))     !Pv        { 

OT-  (  '      '  ' 

+  3— -,  1 — §  e'-  -      cos  2(«< — n't)  +  ^ecos(3nt — 2x7 — oj) — 4ecos(nf — 2n't  +  u)  -  di- 
+  3  — .,  ■   I — f  e"'  ^    I  sin  2{nt — n't)+2e  siu(3»i? — 2it't — o)) —  2esiu()if — 2H't+oi)  r  drdv 

S\-^)  =  3— 2"^  1— I  e'-  ■  -  siu  2(nt—n't)+  i e  s\n{3nt—2ii't—<o)  —  iesin(vt—2n't+a))   -  d'r  1 

+  3  —  ■   1 — ^  e'-  -  ■  cos  2(nt-^n't)  +  e  cos(3iit — 2n't — ai) — 3e  cos(n< — 2n't  +  o})     -  S'v 
ft  (         -        I    (  > 

+  3 -ir  ,  1 — J  e'-  -  ■  Asin2()i< — n't)  +  e  sm(3nt — 2n't — w)  —  e  siu(nl — 2n'<  +  Dj)     A*-       !■ 
ft'  (         -        )    (  -  "■  '  ^  '^  '  ( 

+  3  —  -,  1 — i  e'- ,-  -  — siu  2()i# — n't) — esin(3;(< — 2n't — w)+3esin()i^ — 2h7  +  w)   ■  9r 
a  '        '       >    (  > 

+  3—;-;  1 — li  e'- r  ■•2cos2(nt — ((7)+3ecos(3H/ — 2(i7 — w) — aecos(nt — 2n't  +  (o)   ■  drSv     I 
ft-  I         "       )    (  > 

The  values  of  l^r,  l^v,  &c..  to  be  used  iu  these  equations  are  given   in  the  author's  Tlieor;/  of  the  Moon's  Motion.     If  we 
make  the  necessary  substitutions  we  siiall  get  the  following  eciuations. 


d") 


iS-  [0]  =  a-  —  n  -  %ie\\  +  ^e'-\  —^\\+%e'-\cos{nt—fa)   +  ee'(4. 525323)  cos(n7— co') 

—  e'(20. 16597)  cos(n«+n7— m— w')  +  e'(20. 16597)  cos{nt—n't—<a+<a') 

+  e(29.20475)p  — fe'^l  cos2(n<— n7)  +  (1.320250)|1  — ^e"'^  cos(3n/— 2h7— <o) 

—  (0. 509614)  I  l  —  fe'-^  cos(n<— 2»i7+to)  +  ee'(2. 472383)  cos(2n<— «7— m') 

—  ee'(21. 47066)  cos(2h<— 3w7+a)')  —  e'(0.5887631 )  cos(3h<— n7— co— m') 
+  e'(0. 2000889)  cos()i?— hV+oj— w')  +  e'(5. 231535)  cos(3h?— 3n7— w  +  to') 

» 

—  e\2.274785)  cos(»i< — 3n't-k-o>  +  bt')     ^ 

A[l]  =  a   '"^  n     —ep'(20. 05314)  siu(»7— w')  +  e'C*' •'■'^396)  s.\n(nt-^nt—M—i.o') 

—  e'( 38.76708)  sin(>i/— u7 — co+oj')  —  e(79.40903)5 1  —  i  e'- j  sin  2(n<— h7) 

—  (2.736822)|1  —  4  e'-jsin(3«<— 2h7— w)  +  (1.459792)  j  1  —J  e'-(  sin(>i/— 2h7+o)) 
+  ee'(0. 693333)  siu(2)i<— h7— w')  —ee'(5. 454580)  sin(2n/— 3»iV+o)') 

+  e'(l-198658)  sin(3;ir— h7 — o— co')  —  e'(0. 708714)  sin(M<— h7  +  c*— w') 

—  e'(l  1.04492)  sin(3Hr—3»7—<.)  +  (.j')  +  e'(5. 24002)  sin(ii<—3H7  +  oi  +  o)')   ■ 


(18) 


(19) 


«")-■[()]  =  a'-  -J  )i  -  —  eJ67.498:?  —  441.2729e'"j  —  J3.351302  —  73.3900 e"j  oos(h/— w) 

—  ee'(184.0221)  cos().7— to')  +  e|  176.1078  +  2707.422«''»jco8  2(»i/— ii7) 

—  |0. 441485  +  218.3404  (>'■■'{  co8(3h/— 2(i7— cu)  +  <>(''(254.0268)  cos(2h/— ii7— «i') 
-f  j  1.029728  +  86.7700'e'^J  cos(«/— 2«7  +  (u)  —  e«'(248. 40037)  cos(2ii/— 3i(7  +  w') 
+  e'(549.6786)  cos(H^  +  nV — tu — oj') — e'(569.5770)  cos(Hr— n7 — w  +  io') 

—  e'(45. 05580)  co8(3h^— h7—w—<u')  —  e'(3 1.07384)  cos(h<— ii7  +  w— w') 

4-  e'(44.83831)  co8(3h<— 3»i7— w  +  co')  +  ?'(20.88817)  cos(»i/— 3H't+<o+a.')  - 


(20) 
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j  <vrn  =ni^  n-j  —  e5429.7685  +  4998.475  e'-|  sm2{nt—n't)  —ee'(  156.03453)  6m(2nt—n't—(o') 

I        +'|0.550656  +  4.53.3317  e'^l  sin(3/(/— 2«7— ru)  +  ee'(144. 88721 )  siii(2«^— 3h7  +  o/) 
(21;       I        —  |0. 883996  +  243. . 0137  e'-j  siii(H<— 2«7  + w)  +  e'(93. 41512)  sm {'dnt— n't— o)—b)') 
—  e'(102. 05414)  8iu(H^—H'<  +  e.)— w')  —  e'(99. 52847)  sin(3Ht—3n't—w+(»') 

+  e'(89. 44177)  siii(nr— 3»i7  +  fo  +  w')  • 


(22) 


"■f 


z  JZ.  -  +53.793882  +  31.3001  e'-i+  r-j  12;").  10889  —  (i2«. 3882  <''-|  cos{,it—o,) 
a-, 'I  t 

+  e'(24.1691G)  coB{n't—w')  +  ee'(267.5236)  cos(«<  +  »7— cu— w') 
+  ee'(347.0538)  cos{nt—n't—ia+a,')  +  |0.893835  +  241.16936  e'-|  cos2(/(?— «7) 
+  e(1.642274)|l— e'-^  cos{3nt—2n't—b))  +  e(12. 23765)  1 1  —  e'^|  eos()t<— 2«'<  +  o)) 
+  e'(59. 92482)  cos(2?j«— m7— w')  —  e'(57. 19563)  cos(2h<— 3ra7  +  w') 
+  ee'(164.4105)  cos(3n< — n't— m—m')  — ee'(0. 59817)  cos{iit — ,i't  +  h>—o>') 

—  ee'(169. 88794)  cos(3h«— 3/<Y— cu  +  tu')  +  ee'(77. 39854)  cos(/(/— 3«7  +  aj  +  w') 


(23) 


•W^     = 


—  -.  —  e(157.435G)p  — oe'-\  sin{Ht — to)  —  e'(2. 36365)  .siii(/)',' — w') 

—  ee'(360.2211)  sin(nt  + n't— ai—o]')  — ee'(422.2729)  sm(nt—n't—(o+u') 

—  \i  +  234.70365  e"j  sin  2  {7it— n't)  — e(0.5625)  J 1  —  e'-|  sm{Snt—2n't—i>i) 
+  e(3.6875)|l  —  e'=|  sm{7it—2n't+a))  —  e'(57. 98525)  sw{2nt—n't—b>') 

+  e'(61. 01057)  s\n{2nt—3n't  +  a)')  —  ee'(107. 02778)  siii(3»?—«7— to— w') 
+  ee'(7. 60013)  s\n{i<t—n't  +  co—M')  +  ee'(118. 41973)  siu(3n<— 3kY— w  +  oj') 

—  ee'(22. 06616)  sm{)it—3n't  +  u  +  b}') 


(24) 
(25) 


,■4'"' 


m"    ( 


,  =  -^,  -  —53.538562  +  574.9660  e'-l  +  e$588.6978  +  6334.377  e'-|  cos(?i<— w)     S 
V  dr  J       a- IX-  (,      '  ) 

<v(~^  =  — ,  ]  —65657.8323  +  5353.883  e'H  s\u(nt—co) 
\<lv  J        a,'i-  (         ' 


5.     If  we  substitute  these  quantities  in  equ.atious  (3-5)  we  shall  get  the  following  values  of  the  nou-perioclic  tenus  in  the 
analytical  expression  for  tlie  motion  of  the  moon's  perigee. 


(26) 


(27) 


I 


,^  ''"=  ^*  n  -1  —53.793882  +  34.39014  e'-J  +  562.554445  —  314.1941  e'-\ 

—  f||l  +  3e'-\  —^\l  +  3e'-|  —  e'-(3.39.3992)  -  e'-( 7.562238) 

4-  e'-'(7.562238)  —  (21.903562)  |1 —5  e'-'|  —  ( 1 .485281)  5 1  —  5  e'-^ 

—  (0.955526)  1 1  —  5e'-|  +  e'-(0.927144)  +  e'-(56.36048)  —  e'-(0. 3311793) 

—  e'-(0. 1876833)  —  e'  =  (20. 599169)  —e'-'(14. 928276)  +  (157.4356)  1 1  —  5e'-| 

—  (59.55677)  1 1  —  5e'-^  —  (2.0526165)  51 —5e'-^  —  (3.284532)  51  —  5e'- J 
_Ae'=—  e'-(14.3182725)  —e'-(0.4494968)  —e'-(0. 797303) 

—  e'-(28. 992915)  —  e'-(41. 26516)  - 


This  gives  by  reductiou 
(28) 

E(iuation  (5)  also  reduces  to  the  following. 


(7(0       m*      \  .,. 

(^  --  =  — ,  /(  ,  1 26. 3o3( 

dt  ;j-         i 


59.608  e 


,-■1 
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g,d<o_m   ^^1  |3  5335^2  +  574.9660  e'=(  +  5294.3489  +  3167.188  e'-J 
fit  ;i.         (.  '   '  ' 

+  J7. 90392  +  83.5002  e'^l  —  ^41.36963—  146.9083  e'=|  +  e''(109.3733) 
— e'-(o394.876)  +  e'-(6998.677)  +  |26.16404  +  6977.880  e'=| 
+  J2. 118858  — 7. 58874  e'-|  —  |6.23647  —  21.82768  e'-^  +  e"(148.157) 
+  e'-(1228.028)  —  e'-'(96.7988)  —  e'=(0.11968)  —  c'-(888.774) 

—  e'-'(  176.0650)  +|33.7491  —  170.0128  e'-^  —  J0.837826  —  17.0908  e'=| 

+  e'-(138.0166)  +  e'=(206.r294)  —  e'-(213.3913)  —  |132.0807  +  1700.365  e'»j 
+  |0.496G71  +  244.3913  e'-|  +  ^1.930740  +  157.8669  e'-^  +  e'=(95. 26005) 
+  e' -'(652.05097)  —  e' =(25.34389)  +  e'-(29. 13172)  —  e'-'(l76.5o084) 
+  €'-(137.07861)  +J657.8323  -+-  5353.883  e'=|  +  e'=(47.39863) 

—  e'-(15051.47)  +  e'=(16370.29)  -t-  |39. 70451  -f  18538.33  e'=) 

+  J  1.539466— 5.3881 2  e'-'^  -f-  |5.38298  —  18.84044  e'=j  —  e'=(40.2131 ) 

—  e'=(332.7871)  —  e'-(  128.2897)  —  e'-(5.38632)  —  e'=(1307.937)  — e'=(115.6271 
—^322.3264  +  2943.040  e'=^  +   jo.412992  -)- 338.9663  e'-^  -f  e'-(58.51296) 

+  |1. 988991  +  542.9333  e'-|+e'-(380.3289)  —  e'-(35.03067) 

—  e'-(114. 81091)  —  e'-(261. 26226)  —  e'-(704.35394)  '- 


(29) 


By  reiliietiou  this  expression  hecoiiies 

gi<^_n^^  <  574  0(511  +  32849.792  e'-  ' 
dt        (f       (  > 

If  we  now  taivB  the  sum  of  equations  (26),  (28)  aud(30),  we  siiall  obtain  for  the  complete  value  of 


(lit) 


(ho 
(U 


+  126.3537^  +  574.2611 


m"  > 


+  n  -   3  — 


759.608 


+  32849.792  -''  ; 


(30) 


(31) 


n^0.0082o274  —  0.01 17318  e'»{ 


Now  since     —  ^  0.0055952223,    equation  (31)  will  become       j- 

=  /(|O.0O.S25274  — 0.0117318  eV—  0.01 17318(e' =—«'„'-)  ^ 
in  wliicii  e'„  is  the  value  of  e'  at  the  epocli.  wheu  the  secular  term  is  supposed  to  vanish. 
E(|uation  (32)  gives  by  integration 

w  =  w„  +  |0.00825274— 0.0117318e'„-^''— 0.0117318»y'(fi'-"— e'„')rf? 


(32) 


(33) 


If  we  put  for  e'  its  value  iu   1850,  and  for  n   the  moon's 
mean  motion  in  a  Julian  year,  we  shall  have 

e'n  =  0.0167712.         ii  =  17325593"; 
and  equation  (33)  will  become,  in  wiiicii  I  denotes  the  num- 
ber of  Julian  years,  i 

(34)  0)  =  w„  +  1 42925"- /  —  203260"/"(e'-—eV)  (It 

The  coedicieut  of  t  corresponds  to  a  daily  motion  of  the  i 
perigee  an)ountiug  to  391". 3  ;   wliereas  the  true   motion  is  ! 
about  400". 9.     Hence  it  follows  that  the  three  terms  of  the  . 
series  which  we  have  computed  irive  the  motion  of  the  peri- 
gee within  ^ij  part  of  its  actual  motion.     If  we  suppose  the 
secular  term  to  be  given  with  the  same  degree  of  accuracy, 
its  true  value  would  be      —208100"  /  {e'-—e'„')  dt.      Hut  I 
have  supposed,  from  inductive  reasoning,  that  the  sum  of  ', 
the  remaining  terms  of  the  series  would  increase    the   co-  I 
ellicient  of  the  secular  term   by  very  nearly  ,'J  of  its  value  ; 
and  that  tiie  secular  variation  of  the  longitude  of  the  perigee 
is  given  liy  the  equation, 

(35)  ho  =  — 219880"/(e'  '—e'„'dt( 


6.     In  the  same  manner  I  have  computed  the  motion  of  the 
moon's  node,  and  have  obtained  the  following  value        (36) 


dt 


m-     ( 


B     3  + 


.    M  )    4. 

1"  I 


088874— 22. 6974e 


17.6705  —  4  73.7062?" 


If  we  substitue  the  value  of        ,   this  equation  will  beiome 


dl 


=  —0.004071503.11 


—II 1 0.00629463     +0.00O71O58     -t- (1.00008298  («•'' 
=  _0.004071.503.ii    —0.00708819.11  f"  (37) 

Since  each  term  iu  the  coellicient  of  e'  is  alniut  J  of  the 
preceding  term,  we  may  compute  anolher  term  by  induction, 
and  we  shall  obtain  for  the  secular  motion  of  the  node 
ISi  =  — 0.007097 19n/(e"-*'.')  dl  \ 

=  —122965'  /"(r"— ..V)  *  3  ^"  '  ' 

7.     In  chai)ter  IX  of  my  Theory  of  the  Mrmn't  Motion.   I 

have  found  the  secular  equation  of  the   moon's  longittide. 

depending  on  the  eeceiitricily  of  the  earth's  orbit  to  bo 

./!•  =  —II 1 10»<'.5  l\e''—e\-)  dt  =  -l-7'.889r  verv  uearlv. 


so 
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I  also  found  a  small  secular  equation  in  the  longitude 

arising  from  the  secular  variation  of  the  obliquity  of  the 
ecliptic,  which  amounts  to  0".197'J-i-  very  nearly.  Hence 
the  secular  equation  of  the  moon's  longitude  is 

Jv  =  +S".087-i-  =  — 113900"y  (e'-— e7)  dt      (39) 
8     We  shall,  therefore,  in  the  remainder  of  this  investi- 
gation, assume  that  the  three  secular  equations  which  affect 
the  moon's  motion  have  the  following  values,  namely, 

I"    /Jv  =  — 113900"y'(e'-— e'„-)  dt 

(40)  <    ./<«  = —219880" /■(e'-'—e'„-)rf? 

V,    /Si  =  — 1  22!l(;.i"  f(e'-—e'J)  dt 

Hansen,  in  his  Tables  de  la  Lune,  has  used  the  following, 
for  the  first  terms  of  the  sidereal  secular  equations  of  the 
moon's  motion.  (11) 

/lv=+\2"AS0-i-,    /(«  =  — 37".25o./-,    JQ,  =  +7".068.i-. 

If  the  values  of  the  secular  ineijualities  found  above  are 
correct,  it  follows  that  Hansen's  secular  equation  of  the 
moon's  longitude  is  too  large  by  4".093-i- ;  and  the  correction 
to  his  longitude  of  the  perigee  amounts  to  +.")2".865-r-.  This 
large  correction  to  the  longitude  of  the  moon's  perigee  would 
amount  to  nearly  nine  degrees  in  the  course  of  twenty-five 
centuries,  and  be  sufflcieut  to  entirely  change  the  character 
of  any  distant  solar  eclipse.  It  is  therefore  no  wonder  that 
Hansen'.'B  Tablen  completely  fail  to  satisfy  the  records  of  the 
ancient  solar  eclipses  that  have  been  handed  down  to  us. 
And  it  has  seemed  to  me  that  if  the  corrections  which  I  have 
indicated  above  are  not  well  founded  the  calculations  of  the 
ancient  eclipses  which  are  baaed  on  them  would  diflfer  far 
mpre  widely  from  the  records  than  the  calculations  based  on 
Hansen's  Tables  themselves. 

9.  I  have  therefore  taken  as  the  basis  of  my  calculations, 
the  mean  sidereal  motions  of  the  sun  and  moon,  and  also  of 
the  moon's  perigee  and  node,  as  given  in  the  Introduction 
to  Hansen's  Tables.  Equations  (40)  have  given  me  the 
secular  variations  in  the  moon's  motion  ;  and  the  precession 
of  the  equinoxes,  the  obliquity  of  ecliptic,  the  longitude  of 


the  sun's  perigee,  and  the  eccentricity  of  the  earth's  orbit 
have  been  taken  from  my  Memoir  on  the  Si'vidar  Variations 
of  the  Orbits  of  the  Eight  Priuvipul  Planets,  which  is  published 
as  no.  232  of  the  Smithsonian  Contributions  to  Knowledge. 

The  integral  J  (e'- — e'^-)  dt  has  been  taken  from  the  table 
on  page  362  of  my  Theory  of  the  Moon's  Motion.'  For  the 
periodic  equations  I  have  taken  sixty  of  the  most  important 
ecjuations  for  the  longitude,  and  forty-seven  for  the  latitude, 
from  Dei-atnav's  Theorie  du  Mouvement  de  la  Lune.  These 
equations  include  all  the  inequalities  whose  coellicients  ex- 
ceed one  second  of  arc,  and  also  several  of  smaller  value. 
I  have  neglected  the  equation  of  the  moon's  latitude  arising 
from  the  oblateness  of  the  earth,  and  have  reduced  the  simi- 
lar equation  of  the  longitude  in  the  ratio  of  13  :  19,  in  order 
to  conform  to  the  result  of  my  investigation  which  is  given 
in  nos.  145-149  of  this  Journal.  I  have  also  neglected 
Hansen's  equations  of  long-period  arising  from  the  action  of 
Venus  on  the  moon,  as  I  have  shown  in  nos.  158,  159  and 
163  of  this  Journal  that  the  inequalities  in  the  moon's  motion 
produced  by  the  attraction  of  the  [ilanets  are  wholly  in- 
sensible. 

10.  The  materials  for  discussion  have  been  drawn  from 
various  sources.  I  have  consulted  Baily's  Memoir  on  the 
eclipse  of  Thales  in  the  Philosophical  Tran.Hactions  for 
1811  ;  Airy,  on  the  eclipses  of  Agatiiocles,  Thales  and 
Xerxes,  in  the  Philosoj)hical  Transactions  for  1853;  Han- 
sen's Darleguny,  &c.  ;  Newcomb's  Researches  on  the  Motion 
of  the  Moon;  and  a  little  work  on  Eclipses  Past  and  Future 
by  S.  J.  Johnson.  These  works,  in  the  light  of  recent  de- 
velopments in  the  lunar  theory,  are  chiefly  valuable  on  ac- 
count of  the  discussions  of  the  historical  narratives  of  the 
eclipses  which  they  contain. 

11.  From  these  several  works  I  have  prei)arcd  the  fol- 
lowing list  of  solar  eclipses  which  occurred  between  the 
years  A.D.  1140  and  B.C.  1184;  and  in  the  same  table  I 
have  given  the  elements  of  the  earth's  orbit  at  the  times  of 
the  several  eclipses,  and  which  are  necessary  for  their  com- 
putation. 


Date 

No. 

4'' 

E 

w' 

e' 

A.D. 

1140  Mar. 

20 

1 

—   9 

53 

20.4 

23' 

33 

17.3 

278^  3 

3.4 

0.0170600 

A.D. 

1030  Aug. 

30 

2 

11 

24 

45.3 

23 

34 

10.3 

277  41 

46.6 

0.0171036 

A.D. 

364  June 

16 

3 

20 

39 

41.6 

23 

39 

29.2 

275  32 

58.8 

0.0173607 

A.D. 

360  Aug. 

28 

4 

20 

42 

51.3 

23 

39 

31.0 

275  32 

14.8 

0.0173622 

A.D. 

348  Oct. 

9 

5 

20 

52 

44.6 

23 

39 

36.6 

275  29 

57.4 

0.0173667 

B.C. 

309  Aug. 

15 

6 

29 

58 

32.2 

23 

44 

42.3 

273  23 

50.4 

0.0176084 

B.C. 

423  Mar. 

21 

7 

31 

33 

25.5 

23 

45 

34.2 

273  1 

59.7 

0.0176492 

B.C. 

430  Aug. 

3 

8 

31 

38 

54.0 

23 

45 

37.2 

273  0 

43.8 

0.0f76516 

B.C. 

480  Apr. 

19 

9 

32 

21 

4.7 

23 

46 

0.0 

272  51 

1.4 

0.0176696 

B.C. 

546  Oct. 

23 

10 

33 

14 

51.4 

23 

46 

29.5 

272  38 

39.1 

0.0176926 

B.C. 

556  May 

19 

11 

33 

23 

29.8 

23 

46 

34.2 

272  36 

40.0 

0.0176963 

B.C. 

584  May 

28 

12 

33 

46 

40.4 

23 

46 

46.7 

272  31 

20.4 

0.0177061 

B.C. 

602  Mav 

18 

13 

34 

1 

36.4 

23 

46 

54.8 

272  27 

54.5 

0.0177124 

B.C. 

609  Sep"t. 

30 

14 

34 

7 

5.9 

23 

46 

57.8 

272  26 

38.8 

0.0177147  ' 

B.C. 

762  June 

15 

15 

36 

14 

2.4 

23 

48 

6.0 

271  57 

29.5 

0.0177682 

B.C. 

1184  Aug. 

28 

16 

—42 

2 

56.2 

23 

51 

9.3 

270  37 

32.8 

0.0179116 
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111  the  above  table  ^'''  denotes  the  precession  of  the  equi- 
noxes between  Jan.  1 ,  1850,  aud  the  date  of  tiie  eclipse  ;  and 
£.  0)'  and  e',  respectively  denote  the  obliquitj'  of  the  ecliptic, 
the  longitude  of  the  sun's  perigee,  and  the  eccentricity  of  the 
earth's  orbit. 

Ill  tlic  follcjwinsr  table  I  have  given  the  corrections  to  the 


time  of  mean  conjunction  of  the  sun  and  tnoon,  to  their 
mean  longitudes,  and  to  the  longitudes  of  the  perigee  and 
node  of  the  moon's  orbit,  arising  from  the  secular  variations 
of  the  elements  ;  together  with  the  integral  y  («'- — e'^)dl  by 
means  of  which  tliev  are  determined. 


No. 

-/(t'--eV)rft 

JT 

Ant  =  Jn't 

JOJ 

JQ 

1 

0.003488 

—0.00905 

— o!o0892 

+  0°2119 

+  0M196 

2 

0.004630 

0.01204 

0.01187 

0.2850 

0.1591 

3 

0.015115 

0.03923 

o.():j866 

0.9180 

0.5184 

4 

0.015190 

0.03942 

0.0;!8S6 

0.9234 

0.5209 

5 

0.015433 

.  0.04005 

0.03948 

0.9381 

0.5293 

6 

0.031599 

0.08201 

0.08083 

1.9209 

1.0837 

7 

0.034979 

0.09078 

0.08948 

2.1263 

1.1996 

8 

0.035180 

0.09130 

1). 08999 

2.1385 

1.2065 

9 

0.036740 

0.09535 

0.()9;!'J8 

2.2334 

1.2600 

10 

0.038776 

0.10064 

0.09919 

2.3572 

1.3298 

11 

0.039109 

0.101.50 

0.10004 

2.3774 

1 .33.50 

12 

0.040006 

0.10383 

0.10233 

2.4320 

1.3720 

13 

0.040589 

0.10534 

0.10383 

2.4674 

1.3920 

14 

0.04080G 

0.10590 

0.10438 

2.4806 

1.3994 

15 

0.045944 

0.11924 

0.11752 

2.7929 

1.5756 

16 

0.061570 

—0.15979 

—0.15750 

+  3.7427 

+  2.1115 

12.  A  full  and  satisfactory  discussion  of  some  of  the 
ancient  eclipses  is  a  matter  of  considerable  difficulty.  This 
ditliculty  arises  from  the  fact  that  the  historical  narratives 
do  not  enable  us  to  fix  the  date  of  the  eclipse,  nor  even  the 
locality  where  it  was  observed,  except  within  widely  extended 
limits.  For  example,  the  eclipse  which  is  said  to  have  been 
predicted  by  Tiiai.es,  and  which  put  an  end  to  a  sanguinary 
battle  between  the  Medea  and  Lj/dians,  has  been  assigned 
by  historians  to  various  dates  between  the  years  584  H.C. 
and  626  B.C.  ;  aud  the  place  where  the  battle  was  fought 
has  the  boundaries  of  Asia  Minor  for  its  limits.  The  three 
eclipses  which  I  have  numbered  12,  13  and  14  in  the  pre- 
ceding table,  are  those  which  seem  to  best  satisfy  the  his- 
torical narrative.  As  another  example,  we  may  refer  to  the 
eclipse  encountered  by  the  Heet  of  A(;atiioci.f.s  while  on  its 
voyage  from  Sicily  to  Africa.  Although  the  date  of  this 
eclipse  is  well  known,  it  is  still  a  matter  of  controversy 
whether  Ag.vthoci.es  sailed  to  the  northward  or  southwani 
of  Sicily  ;  and  this  question  can  only  be  settled  by  the  eclipse 
itself.  Again,  Tihcvdides  states  that  in  the  summer  of  the 
first  year  of  the  Pelojmiinesiati  'var  an  eclipse  occurred  at 

{Continued 


Athens,  which  was  so  great  that  some  of  the  stars  appeared. 
Now  the  date  of  this  war  seems  to  be  very  satisfactorily 
known  ;  but  astronomers  have  never  yet  been  able  to  find  an 
eclipse  of  sufficient  magnitude  at  Athens,  to  produce  the 
phenomena  described  by  the  historian. 

On  account  of  these  various  difficulties  and  incompati- 
bilities. Professor  Newcomb  has  contented  himself  with  a 
critical  discussion  of  the  historical  narratives,  from  which  he 
concludes  that  the  evidence  concerning  the  eclipses  is  too 
uncertain  and  indefinite  to  be  worthy  of  further  consideration. 
This  is  hardly  to  be  wondered  at.  when  we  consider  the  very 
imperfect  tables  of  the  moon's  motion  which  he  employed  as 
the  basis  of  his  investigation.  I  shall,  however,  in  what 
follows,  confine  myself  wholly  to  this  aud  other  similar  ma- 
terial which  has  been  rejected  by  Professor  Newcomb  :  and 
I  hope  to  show,  to  the  satisfaction  of  astronomers  and  his- 
torians, that  the  narratives  concerning  these  eclipses  are  not 
only  consistent  with  themselves,  but  that  they  may  very 
properly  be  classed  among  the  choicest  historical  jewels  re- 
corded in  the  Grecian  classics. 

Ill  no.  221.) 


Tin-:  u;\AR  appulse  of  isiM»,iiM:  l'. 

Hv  K.   K.  H.VHNAKI). 


At  10''  45'"  Slaiidanl  I'arilic  Time  =  18"  45'"  Gr.  M.T. 
•liiiio  2,  a  rather  heavy  shade  was  observed  on  the  southern 
limb  of  the  moon  ;  it  covered  about  ,'„  or  ,^  of  the  disc. 
Tlicre  was  no  decided  shadow,  only  a  dilTu-icd   heavy  shade 

Ml.  ILumUon,  1890  Jum-  3. 


perhaps  as  deep,  or  slightly  deeper  in  tint,  than  the  lunar 
plains,  but  so  conspicuous  that  even  a  chance  look  at  the 
moon  could  not  fail  U.)  detect  it.  This  watfi  the  lunar  appulse 
s|iokou  of  in  the  Amerkmi  Eithemeris  for  1890,  p.  115. 
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OBSERVATIONS  OF   COMET  a  1890, 

MADi;   AT   TUB   SIIATTUCK   OIlSKltVATOUY   OK    DAHTMOUTH   COLLEGE    WITH    THE   9.4-IXCIl    EtJIATOItlAI.    A.M>    KIXi;- MlCItOMKTKIl, 

Bv  EDWIN  B.  FROST. 


Mean  Places  for  1890.0  of  Comparison- Stars 


* 

a 

Red.  to 
app.  place 

s 

Red.  to 
app.  place 

Atitliority 

a 

21   lo"' 25*53 

— 0^64 

18  49  33.3 

—14.3 

Weisse's  Kessel,  XXI  195 

b 

21     7  65.25 

—0.57 

•20  37     6.5 

—14.8 

Weisse's  Bessel,  XXI  129 

c 

21     5  34.70 

—0.49 

22     0  24.2 

—14.9 

Greenwich  7-vr.  Catal.,  2401 

d 

21      7     0.14 

—0.44 

23  42  43.1 

—15.2 

Weisse's  Bessel,  XXI  105 

e 

21      1  34.92 

—0.21 

27  58  26.1 

—15.8 

Lalaude  40934 

f 

21     3  28.19 

—0.23 

28  10  41.2 

—15.8 

Yaruall  (F)  9487 

These  observations  have  been  corrected  for  refraction,  proper 
motion,  and  when  it  has  been  significant,  for  curvature. 

The  micrometer  is  a  double  ring,  and  I  have  therefore  used  the 
outer  ring  for  //«,  and  the  inner  for  JS-     The  observations  on 


April  18,  22,  and  the  last  two  of  April  28,  were  made  with  the  outer 
ring  only.  The  last  two  observations  are  entitled  to  the  least  weight 
of  any  in  the  set,  and  I  presume  that  proper  motion  has  changed 
the  place  of  Lai.  40S);34. 


OBSERVATIONS  OF   COMET  a  1890, 

MADE     AT     THE     U.  S.      NAVAL     OBSERVATORY     WITH     THE     O.G-INCH     EQU.ITORIAL, 

Bv  Prof.  EDGAR  FKISBY. 
[Communicated  by  the  Superintendent.] 


1890  Washington  M.T. 

* 

No. 
Comp. 

Ja 

-* 

^'s  apparent 
a            1             8 

logpA 

for  a       1       for  ^ 

Mav  28  11   28  38.0 

29   10     5     6.7 

June    5  11   12  55.9 

7     9  48  12.6 

1 
2 
3 
4 

18  ,  4 

18  ,  4 

5  ,  1 

20  ,  4 

+  ri8!37 
—1      1.39 
—1   47.10 
—0  10.41 

—3  31.4 
+  3     5.1 
+  0  53.6 
—8  42.9 

19  43   14.38 
19  37  40.34 
18  47  41.99 
18  27  31.65 

+  55  15  39.5 
+  56     6  40.6 
+  61   51  46.8 
+  62  55   16.1 

H9.8313    8.7915 
?i9.9023     0.2192 
7(9.6008  n0.4320 
Si9. 9058  »i0. 0758 

Mean  Places  for  1S90.0  of  Coinjyarison  Stars. 


* 

a 

Red.  to 
app.  place 

8 

Red.  to 
app.  place 

Authority 

1 

2 
3 

4 

19"  41"  54^33 
19  38  39.97 
18  49  26.40 
18  27  39.15 

+  1.^68 
+  1.76 
+  2.69 
+  2.91 

+  55   19  24.4 
-t-56     3  48.8 
+  61   51     1.9 
+  63     4     5.3 

—13.5 
—13.3 

—  8.7 

—  6.3 

Oe.  Arg.  N  19604 
Oe.  Arg.  X  19552 
Oe.  Arg.  N  18736 
Bona  VI,  -f- 63"  1428 
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OX  THE  SECULAK  AXD  LOXG-PEKIOD  INEQUALITIES  m  THE  MOON'S  MOTION, 

By  JOHX   N.    STOCKWELL. 

{Continued from  no.  220.) 


13.  I  shall  now  proceecl  to  a  partieulai'  discussion  of  the 
several  eclipses  given  in  the  preceding  table  ;  commencing 
with  the  eclipse  which  is  said  to  have  been  predicted  by 
Thales.  The  narrative  concerning  this  eclipse  is  given  by 
Herodotus,  i,  74  ;  and  the  following  translation  is  by  Pro- 
fessor Huntington  of  the  Columbian  University,  as  given  on 
page  28  of  Newcomb's  liesearche.i  on  the  Motion  of  the  Moon: 

'•  Now  after  this  (for  AuvArrES  did  not  by  any  means  sur- 
render the  Scythians  at  the  demand  of  Cyaxakes)  there  was 
war  between  the  Lydians  and  the  Medes  for  the  space  of 
live  years,  in  which  [period]  the  Medes  often  conquered  the 
Lydians,  and  the  Lydians,  in  turn,  the  Medes.  And,  iu  this 
time,  they  also  had  a  night-engagement ;  for  as  they  were 
l)rotracting  the  war  with  etjual  success  on  each  side,  iu  a 
battle  that  occurred  in  the  sixth  year,  it  happened,  as  the 
armies  engaged,  that  the  day  was  suddenly  turned  into  night. 
Now  this  change  of  the  day  [into  night]  Tiiales,  the  Mile- 
sian, had  predicted  to  the  loniaus,  placing  as  the  limit  of  the 
period  [within  which  it  would  take  place]  this  very  year  iu 
which  It  did  actually  occur.  Now,  both  the  Lydians  and  the 
Medes,  when  they  saw  night  coming  on,  instead  of  day, 
ceased  from  battle,  and  both  parties  were  more  eager  to 
make  peace  with  each  other." 

14.  The  question  as  to  the  date  of  this  eclipse  has  given 
rise  to  much  discussion  in  modern  times.  Mr.  Francis 
IJaiuy,  early  in  the  present  century,  discussed,  by  means  of 
the  best  astronomical  tables  of  his  time,  all  the  solar  eclipses 
which  hai)pened  between  the  years  629  B.C.  and  51)5  IJ.C, 
and  found  only  one  which  was  total  in,  or  near,  any  part  of 
Asia  Minor.  He  was  led,  by  means  of  what  appear  to  be 
very  legitimate  historical  considerations,  to  fix  the  date  of 
the  eclii)se  between  the  years  above  nieutioned  ;  and  as  the 
eclipse  of  CO'J,  Sept.  30,  was  computed  to  be  total  at  the 
mouth  of  the  river  Halys,  and  in  the  north-eastern  part  of 
Asia  Minor,  he  was  led  to  consider  that  as  tlic  true  date  of 
the  battle.  And  that  date  has  been  considered  l\v  historians 
:i;i  the  true  date  of  the  battle,  for  more  than  forty  years  after 
the  pulilication  of  Haii.y's  investigations.  15ut  when  Hailv 
:4)plied  the  same  Tables  of  the  Moon  to  the  Investigation  of 


the  eclipse  of  Agathoci.es,  B.C.  309  August  15.  they  carried 
the  moon's  shadow  so  far  south  of  Sicily  that  it  was  not  pos- 
sible for  it  to  be  very  nearly  total  at  any  point  where  It  was 
possible  to  locate  the  fleet  of  Agathocles.  It  tiierefore 
followed  that  the  two  eclipses  were  iucompalilile  with  each 
other,  and  that  they  could  not  be  reconciled  with  the  received 
interpretations  of  the  narratives. 

Mr.  AiRV  discussed  the  same  eclipses  iu  1853.  He  as- 
sumed that  the  eclipse  of  Agathoci.es  should  be  considered 
as  the  true  cardinal  eclipse  of  antiquity  ;  and  adjusted  the 
lunar  tables  so  as  to  represent  that  eclipse ;  but  this  adjust- 
ment served  to  throw  the  moon's  shadow  In  the  eclipse  of 
600  September  30  far  to  the  northward  of  the  Black  Sea  ;  so 
that  it  could  no  longer  be  considered  as  the  eclipse  of 
Thales.  It  was  therefore  necessary  for  Mr.  Airy  to  seek 
for  another  eclipse  to  satisfy  the  narrative  concerning  the 
eclipse  of  Thales.  This  he  was  unable  to  do  without  com- 
ing ten  years  beyond  the  historical  limit  assigned  by  Baily. 
He  found,  however,  that  In  B.C.  584  M.iy  28  there  was  a 
total  eclipse  of  the  sun  visible  In  the  extreme  southern  and 
western  part  of  Asia  Minor  ;  and  hence  this  date  has  been 
mostly  given  in  recent  times  as  the  true  date  of  the  eclipse. 

15.  But  the  supposition  that  this  is  real Ij' the  eclipse  of 
Thales  Is  not  wholly  free  from  dillictilties.  It  occurred  almost 
at  the  instjiut  of  sunset  In  Asia  Jllnor,  and  this  circumstance 
has  led  Professor  Newcojus  to  doubt  the  reality  of  the  occur- 
rence of  any  eclipse  at  all ;  since  the  existence  of  a  dense 
bank  of  clouds  in  the  vicinity  of  the  sun  would  apparently 
hasten  the  approach  of  night.  He  also  found  by  means  of 
his  corrected  tables  of  the  moon's  motion,  that  tlie  eclipse 
was  total  at  sunset,  ahnost  at  the  southeru  limit  of  tlie 
Jlediterraneau  Sea,  not  very  far  distant  from  Alexandria. 
Hence  it  is  evident  that  this  eclipse  was  not  total  to  any  part 
of  Asia  Minor  :  ami  consequently  could  not  bo  the  eclipse  of 
Thales. 

16.  But  there  are  still  other  dilliculties  in  the  way  of  this 
being  regarded  as  the  eclipse  of  Tiiales.  A  natural  Infer- 
ence from  the  narrative  is.  that  the  eclipse  occurred  soon 
after  the  battle  begau ;  and  it  is  uot  usual  for  great  battles 
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to  be  postponed  till  near  the  close  of  day,  as  night  itself 
might  speedily  put  a  stop  to  the  fighting  before  any  material 
advantage  had  been  gained  on  either  side.  The  lateness  of 
the  hour  at  which  the  eclipse  took  place  would  therefore 
seem  to  preclude  the  possibility  of  this  being  the  eclipse  of 
Thalk?. 

17.  I  shall  now  proceed  to  give  an  account  of  my  own 
investigations  on  the  subject.  The  basis  of  my  calculations 
is  explained  in  S9  of  this  paper.  A  preliminary  examination 
of  the  eclipse  of  B.C.  584  May  28,  shows  that  the  sun  set 
throughout  Asia  Minor  long  before  the  eclipse  commenced. 
I  therefore  no  longer  considered  that  as  the  eclipse  of 
Thai.es.  On  the  other  hand,  my  calculation  in  regard  to  the 
eclipse  of  B.C.  609  September  30  shows  that  the  shadow 
passed  wholly  to  the  south  of  Asia  Minor ;  while  the  shadow 
in  the  eclipse  of  Agathocles  passed  centrally  across  the 
Island  of  Sicily,  a  little  to  the  northward  of  Syracuse. 
Moreover  Mr.  Cei.ouia  of  Milan  has  inferred  from  some  re- 
cent historical  investigations  that  the  moon's  shadow  in  the 
eclipse  of  Agatiioci.es  passed  so  far  north  as  to  cover  the 
Hellespont.  Assuming  this  inference  of  CELORiAto  be  correct, 
it  occurred  to  me  that  a  slight  change  in  the  place  of  the  moon's 
node  would  suffice  to  carry  the  shadow  in  the  eclipse  of 
B.C.  609  directly  across  the  central  parts  of  Asia  Minor. 
The  calculation  of  the  effect  of  such  a  change  in  the  place 
of  the  node  upon  the  path  of  the  moon's  shadow  proved  the 
conjecture  to  be  true ;  and  also  showed  that  the  two  eclipses 
were  no  longer  incompatible  with  each  other. 

I  next  computed  the  eclipse  of  B.C.  430  August  3,  which 
occurred  during  the  first  year  of  the  Peloponnesiau  war.  This 
eclipse  is  usually  referred  to  as  the  eclipse  of  Pericles,  on 
account  of  his  effort  to  allay  the  fears  of  his  pilot  at  the  time 
of  its  occurrence.  My  elements  showed  that  the  eclipse  was 
annular  ;  and  also  that  the  center  of  the  annulus  passed  so 
near  to  Athens  that  at  least  ten  digits  of  the  sun  must  have 
been  covered.  I  also  computed  the  central  path  of  the  an- 
nulus by  using  H.\nsen's  secular  variations  of  the  elements, 
and  I  found  the  path  to  be  situated  a  little  beyond  the  Sea 
of  Azov  ;  while  my  elements  caused  the  central  path  to  pass 
nearly  midway  between  Athens  and  the  Hellespont.  It 
therefore  seemed  possible  that  a  small  change  in  the  elements 
of  the  moon's  motion  would  bring  the  three  eclipses  into  per- 
fect harmony. 

18.  In  order  to  ascertain  whether  such  changes  were  pos- 
sible, I  constructed  maps  showing  the  patiis  of  the  three 
eclipses  corresponding  to  the  assumed  elements.  I  then  as- 
sumed, that  the  mean  motion  of  the  moon  required  a  small 
correction,  and  computed  the  path  of  the  shadow  resulting 
from  such  a  correction.  The  same  process  was  repeated 
with  respect  to  small  corrections  to  the  mean  motions  of  the 
perigee  and  node.  In  discussing  the  results  of  such  changes  : 
it  was  found  that  no  appreciable  correction  to  the  moon's  | 
mean  motion  was  required  ;  but  a  decided  improvement  would 
result  by  supposing 


^^<a  =  +0".  750048     and     JQ  =  -t-0".9020712 
in  which  /iw  and  .ISi  denote  the  correction  to  the  mean  mo- 
tion of  the  perigee  and  node  in  a  Julian  year. 

19.  I  shall  now  give  the  resulting  elements  of  each 
eclipse,  taking  them  in  the  reverse  order  of  their  occurrence. 

In  what  follows  I  denotes  the  Washington  mean  time  of 
conjunction  of  moon  and  sun  in  right-ascension,  «,  «',  d.  If, 
D  and  £>',  denote  the  right-ascension,  declination  and  semi- 
diameters  of  the  moon  and  sun  respectively,  and  ti  denotes 
the  moon's  parallax.  The  parallax  of  the  sun  has  been  neg- 
lected, it  being  too  small  to  affect  the  results  to  any  sensible 
amount.  Also  ).  and  ^  denote  the  longitude  and  latitude  of 
the  shadow  on  the  earth  measured  from  the  meiidian  of 
Greenwich,  west  longitudes  being  supi)osed  positive.  The 
letter  .y  placed  before  a  quantity  denotes  the  hourly  variation 
of  that  quantity. 

20.  Eclipse  number  1  is  said  l)y  IIai.i.ev  to  have  been 
total  in  London.  S.  J.  Johnson,  in  his  Edipses  Past  and 
Future,  gives  the  following:  "A.D.  1140  March  20.  A 
total  eclipse  in  England.  The  Saxon  Chronicle  relates  'In 
the  Lent,  the  sun  and  the  day  darkened,  about  the  noon-tide 
of  the  day,  when  men  were  eating,  and  they  lighted  candles 
to  eat  by.  That  was  the  13th  day  before  the  calends  of 
April.  Men  were  very  much  struck  with  wonder.'  William 
of  Malmesbury  records  '  During  this  year,  in  Lent,  on  the 
13th  of  the  calends  of  April,  there  was  an  eclipse  throughout 
England,  as  I  have  heard.  AVith  us  and  with  all  our  neigh- 
bors, at  the  ninth  hour  of  the  fourth  day  of  the  week,  the 
obscuration  was  so  remarkable,  that  people  said  chaos  was 
come  again,  since  it  was  Lent.  Afterwards,  learning  the 
cause,  they  went  out  and  beheld  the  stars  around  the  sun.'" 

Johnson  then  states  that  according  to  his  calculation  the 
greatest  obscuration  at  London  was  at  2''  36"",  at  which  time 
a  narrow  crescent  was  uncovered  at  the  south  of  the  sun, 
showing  that  the  line  of  totality  must  have  gone  north  of 
London,  a  result  not  agreeing  with  Dr.  Hai.ley's. 

For  this  eclipse  I  find  the  following  elements : 

t  =  March  20   21"  9-"  52*.  7 
a  =  a'=      6°    2'16".4      Z>=]6'42".1 
fi  =  -1-3    16   10  .4     D'=  16     0  .0 
n=6l    17  .3 


iVr=  +2 


31  .8 


.;<(=  36' ]3".l 
.7«'=  2  IG  .0 
J(V=  -f  11  51  .1 
Jd'=  +  0  58  .8 
From  these  elements  I  find,  for  central  eclipse  at  noon, 

;.  =  -1-33°  8',         4>  =  +  41°  43' 
The  path  of  central  eclipse  across  England  may  be  de- 
termined by  means  of  the  following  coordinates  : 
T  ?.  <!> 

h        111  o        I  0        1 

-1-51     5 


21  52 

+  b  29 

21  56 

-1-0  58 

22     0 

—4  18 

52     1 
-1-52  53 

The  breadth  of  the  shadow  was  126  miles.    If  these  points 
be  laid  down  on  a  map  of  England  it  will  be  seen  that  the 
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line  of  central  eclipse  passes  directly  over  Cambridge  ;  and 
also  that  the  southern  limit  of  tiie  shadow  passes  from  Land's 
P^iid  on  the  west,  through  the  northern  point  of  Sheppy 
Island  on  the  east.  It  therefore  follows  that  the  shadow- 
extended  to  the  distance  of  about  fifteen  miles  to  the  south 
of  London,  and  confirms  the  statement  of  Halley  in  regard 
to  its  totality  at  that  place. 

21.  Eclipse  no.  2  is  not  inentioued  by  Johnson.  It  oc- 
curred A.D.  1030  August  30  ;  and  has  been  pretty  fully  dis- 
cussed by  Mr.  Airy  in  volume  XXVI  of  the  Memoirs  of  the 
Royal  Astronomical  Society ;  and  also  still  later  by  M.  Han- 
sen, in  his  Darleguncj,  which  was  published  in  1864.  It  is 
usually  designated  as  the  eclipse  of  Stiklaslad ;  on  account 
of  its  liaving  occurred  while  a  battle  was  being  fought  at 
that  place. 

The  tradition  concerning  it  is  given  by  Hansen  in  volume 
II,  page  388,  of  his  Darlegung,  and  is  as  follows  : 

"  King  Oklof  of  Norway,  afterwards  sainted,  was  en- 
gaged in  war  with  some  rebellious  peasants,  and  fell  in  a 
battle  fought  at  Stiklastad.  During  this  battle  au  eclipse 
happened  which,  according  to  the  narration  of  chroniclers, 
caused,  in  an  unclouded  sky,  such  a  darkness,  that  friends 
and  foes  could  not  tell  themselves  apart.  The  darkness  is 
said  to  have  lasted  1 J  hours,  and  one  author  asserts,  that  it 
was  pitch  dark  from  9^  a.m.  until  3  p.m." 

It  is  evident  from  this  statement  that  the  narratives  con- 
cerning this  eclipse  are  not  wholly  free  from  exaggeration  ; 
but  the  fact  of  the  occurrence  of  the  eclipse  cannot  be  dis- 
puted. 

According  to  Hansen's  computation  the  northern  limit  of 
the  moon's  shadow  passed  a  hundred  miles  to  the  south  of 
Stiklastad.  The  eclipse,  therefore,  lacked  considerable  of 
iH'ing  total  at  that  place,  although  it  must  have  beeen  a  very 
hirge  one. 

Aeeoriling  to  iny  ealcuhuions  the  elements  of  the  eclipse 
are  as  follows  : 


t  =  August  30  20''  28"\8 

«  =  «'=      164°  21'    5".3 

D  =  15'58".l 

.r/o=      1991' 

.9 

S  =  +     7  37    50.2 

D'=  15  58  .5 

.Jrt'=        137 

.3 

(V  =  -1-     6   42    40  .6 

,T  =  58    17.1 

.J{i  =  —  623 

.1 

.  /iV'r=  —       56 

.9 

Supposing  the  earth  to  be  spherical,  we  get  for  central 
eclipse  at  noon  ).  =  -f  24°  50',  <j>  =  +71°  52'.  And  for 
ililTerent  limes  denoted  bv  T  we  jjet 


T 

h        . 
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If  these  points  be  charted  on  a  map  of  the  country  it  will 
easily  be  seen  that  the  center  passed  very  nearly  one  degree 


of  a  great  circle  from  Stiklastad.  But  the  oblateness  of  the 
earth  has  an  important  effect  upon  the  path  of  the  shadow 
in  such  high  latitudes.  I  have  therefore  com]>uted  the  position 
of  the  center  of  the  shadow  at  21"  4"°,  allowing  for  the 
oblateness,  which  I  have  supposed  to  be  equal  to  -^^  ;  and 
I  have  found  for  that  instant 

;.  =  — 11°  28',  <^=  +64°  9' 
If  we  draw  a  line  through  this  point  parallel  to  the  path 
through  the  other  three  points,  it  will  be  easily  seen  that  the 
shadow  approaches  Stiklastad  within  about  oue-lenth  of  a 
degree.  The  eclipse  was  therefore  practically  total  at  that 
point.  It  should  be  observed,  however,  that  the  elliptical 
shadow  on  the  earth  was  extremely  small,  not  exceeding  two 
and  one-half  miles  in  breadth  by  six  in  length. 

22.  Eclip.se  number  3,  A.D.  364  June  16,  was  observed 
at  Alexandria  by  Theon,  who  states  that  it  began  at  S""  18", 
and  ended  at  5''  15'".  The  duration  was  therefore  l""  o?"". 
I  find  by  computation  that  it  commenced  at  4''  10"",  and 
ended  at  5''  56'",  having  a  duration  of  1''  46'".  Its  magnitude 
at  S"  8"'  was  5.45  digits  at  Alexandria.  The  line  of  totality 
in  this  eclipse  passed  from  the  mouth  of  the  Niemen  river  on 
the  Baltic,  through  the  territory  of  Russia,  and  entered  the 
Caspian  Sea  near  the  mouth  of  the  Volga.  It  was  central 
and  total  at  noon  in  west  longitude  25^  5',  and  north  latitude 
58°  54'. 

23.  Eclipses  numbered  4  and  5  have  been  computed  for 
the  purpose  of  throwing  light  on  a  statement  made  by  Am- 
MIANUS  Makcei.i.inls  (Book  XX,  Chap.  3 ) .  The  work  of 
Am.mianus  not  being  accessible,  the  following  translation  has 
kindly  been  furnished  me  by  the  Editor  of  this  Journal,  and 
is  as  follows  : 

"At  the  same  time  the  sky  in  the  east  was  perceived  to  be 
covered  with  a  thick  darkness ;  and  from  daybreak  until 
noon  the  stars  were  visible  throughout.  And  as  au  addition 
to  these  terrors,  while  the  light  of  heaven  was  thus  with- 
drawn, and  the  world  almost  buried  iu  clouds,  meu  from  the 
length  of  the  eclipse  began  to  believe  that  the  sun  had  wholly 
disappeared.  Presently,  however,  it  was  seen  like  a  new 
moon,  then  like  a  half- moon,  and  at  last  it  was  restored 
entire." 

Iu  regard  to  this  statement,  the  Editor  makes  the  follow- 
ing judicious  remarks : 

"  The  duration  from  daybreak  to  uoon  ought  to  render 
this  eclipse  a  rather  prominent  one  in  history  ;  but  there  is 
always  the  possibility  that  Aslmianis  may  have  slightly  ex- 
aggerated the  stories  that  reached  him.  By  "the  east'  the 
commentators  seem  to  understand  Mesopotamia,  and  the 
Roman  dominion  there  extended  only  to  the  river  Tigris. 
The  date  •  at  the  same  time"  is  interpreted  as  A.D.  360,  and 
seems  to  be  pretty  well  deterniinetl." 

If  the  phenomenon  described  by  Ammianis  were  really  due 
to  an  eclipse  of  the  sun,  its  supposed  date  nnist  be  consider- 
ably in  error.  1  find  that  the  eclipse  of  A.D.  360  August 
28,  was  central  at  noou  iu  longitude  129°  22' east  of  Green- 
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wich,  and  in  north  latitude  26°  44'.  It  was  also  annular,  the 
annulus  being  quite  large.  It  also  occurred  before  sunrise 
in  any  part  of  Mesopotamia,  so  that  it  could  not  possibly 
have  occasioned  the  phenomenon  described  by  Ammianus. 

I  find,  however,  that  eclipse  number  5,  A.I).  348  October 
9,  satisfies  the  phenomenon  so  far  as  a  solar  eclipse  is  capa- 
ble of  doing  so.  It  occurred  in  the  morning,  and  the  sun 
was  totally  eclipsed  in  the  eastern  parts  of  Mesopotamia  at 
9^  50"'.  The  shadow  was  quite  large,  being  8.j  miles  in 
breadth  by  140  miles  in  length  while  on  its  passage  through 
Mesopotamia.  The  following  are  the  calculated  positions 
of  the  central  line. 
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The  path  of  the  total  eclipse  is  shown  by  the  map  which 
accompanies  this  paper. 

24.  Eclipse  number  6,  B.C.  309  August  15,  is  the  cele- 
brated eclipse  of  Agathocles.  I  have  used  this  eclipse  to 
correct  the  elements  of  the  moon's  motion,  in  such  manner 
that  the  shadow  should  cover  the  Hellespont.  With  the  cor- 
rected elements  the  shadow  passes  wholly  to  the  north  of 
Sicily.  I  find,  however,  that  the  magnitude  of  the  eclipse 
at  a  point  one  degree  north  of  Syracuse  would  be  11.55 
digits.  It  therefore  seems  certain  that  Agathocles  sailed 
to  the  north  of  Sicily  when  on  his  voyage  to  Africa. 

I  also  find  for  this  eclipse 

t=  16"  19"'  42' 

Z)=16'39".4 
D'=z  15  57  .7 
;r=61     9  .9 


«'=  139°  8'50".6 
S  =  +  16  24  34  .6 
S'=  +16     3   11  .5 


//«=  38'36".0 
Ja'=  2  26  .5 
JS  =  —  8  10  .5 
./(V=—  0  45  .0 

For  central  eclipse  at  noon  we  liave  ).  =^  — 38°  36', 
^  =  +36°  31';  and  the  coordinates  of  the  central  path  at 
different  times  are  as  follows  : 
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The  fleet  of  Agathocles  was  therefore  probably  enveloped 
in  the  darkness  of  the  eclipse  at  9''  42"'  in  the  morning  ; 
which  is  more  than  tivo  Jioms  later  than  the  time  indicated 
by  Professor  Airy.  The  path  and  magnitude  of  the  shadow 
is  well  illustrated  by  means  of  the  accompanying  map. 

25.  Eclipse  number  7,  B.C.  423  March  21,  is  the  one  re- 
ferred to  by  Thdctdides  as  having  occurred  at  the  beginning 
of  the  eighth  year  of  the  Peloponnesian  war.     As  he  has 


given  no  particulars  concerning  the  time  of  day  at  which  it 
took  place,  nor  told  us  anything  in  regard  to  its  magnitude 
at  Athens,  a  brief  notice  of  this  eclipse  is  all  that  is  required. 
I  find  that  the  eclii)se  was  a  very  large  annular  one.  in  which 
the  central  line  passed  through  the  kingdom  of  Denmark,  a 
little  to  the  north  of  Copenhagen ;  thence  through  .Sweden 
directly  over  Stockholm.  It  was  central  at  noon  in  east 
longitude  56°  3',  and  latitude  88° ;  and  the  axis  of  tiie 
shadow  left  the  earth  at  the  north  pole.  Its  greatest  magni- 
tude at  Athens  was  at  8''  43™  in  the  morning  ;  and  its  magni- 
tude at  that  time  7.42  digits  on  the  sun's  northern  limb. 
These  particulars  fully  satisfy  the  account  of  the  eclipse 
giveu  by  Thucvdides. 

26.  Eclipse  number  8  B.C.  430  August  3,  is  the  one 
which  occurred  during  the  summer  of  the  first  year  of  the 
Peloponnesian  war.  It  was  visible  at  Athens  ;  and  Thucv- 
dides states  that  the  darkness  was  so  great  that  some  of  the 
stars  were  visible.  Astronomers  have  found  mucli  difficulty 
in  reconciling  the  statement  of  the  historian  witli  the  facts 
deduced  from  the  lunar  tables;  for  it  has  been  found,  by 
calculations  based  on  the  best  lunar  tables  of  the  present  time, 
that  the  magnitude  of  the  eclipse  at  Athens  could  not  have 
exceeded  about  seveu-tenths  of  the  sun's  diameter  ;  and  with 
so  much  of  the  sun  uncovered  it  would  be  impossible  for  any 
of  the  stars  to  appear.  These  considerations  have  led  Mr. 
S.  J.  Johnson  to  suppose  that  an  eclipse  which  occurred  two 
years  earlier,  on  March  30,  might  possibly  be  the  one  re- 
ferred to  by  the  historian.  But  Mr.  W.  '£.  Lynn,  in  volume 
VII  of  the  Observatory  has  very  clearly  shown,  from  other 
considerations,  that  the  eclipse  could  not  have  occurred  so 
early  in  the  year  as  Mr.  Johnson  supposes.  All  doubt, 
however,  as  to  the  identity  of  the  eclipse  of  B.C.  430  August 
3,  with  that  of  Pericles  is  uow  happily  removed  by  my  in- 
vestigations ;  for  I  have  found  that  the  line  of  central  eclipse 
passed  much  nearer  to  Athens  than  has  been  heretofore  sup- 
posed . 

Mv  elements  give 
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These  give  for  central  eclipse  at  noon  : 
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The  line  of  central  eclipse  passes  through  tlie  following 
points  : 
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The  last  position  given  denotes  tiie  point  wiiere  the  axis 
of  the  moon's  shadow  leaves  tlie  eartii. 

The  central  line  therefore  passes  very  near  to  tiie  Helle- 
spont, or  about  250  miles  from  Athens ;  while  Hansen's 
tables  would  throw  the  shadow  a  long  distance  beyond  the 
sea  of  Azov,  at  least  1000  miles  from  Athens.  The  local 
mean  lime  of  greatest  eclipse  at  Atiiens  was  6''  2'",  or  5''  oe"" 
apparent  time  ;  and  since  sunset  occurred  at  7''  6'"  apparent 
time,  it  follows  that  the  greatest  phase  occurred  1''  10"'  before 
suuset.  I  also  find  the  greatest  magnitude  of  the  eclipse  at 
Alliens  was  0.9221  of  the  sun's  diameter,  or  11.06  digits  on 
the  sun's  northern  limb.  By  means  of  such  an  obscuration 
the  planets  and  the  brighter  stars  would  most  certainly  be 
visible.  There  can  therefore  no  longer  be  any  doubt  that 
tiiis  is  tlie  eclipse  referred  to  by  the  historian. 

27.  Kclipse  number  9  is  the  one  which  is  supposed  to 
iiave  talieu  place  while  Xerxes  was  on  the  march  from  Sardis 
to  Abydos  at  the  beginning  of  the  Persian  war.  The  tra- 
ditions concerning  it  I  take  from  Nkwcomb's  Researches, 
page  31. 

"  From  Herodotus,  VII,  37  : 

'  Wiion  the  army,  having  come  out  of  their  winter  quarters, 
in  the  o[)eniug  of  tiie  spring,  fully  equipped,  set  out  from 
Sardis,  for  the  purpose  of  marching  to  Abydos  ;  and  when 
they  had  begun  their  marcli,  the  sun,  leaving  his  seat  in  the 
lieavens,  was  concealed  from  view,  and  uight,  instead  of 
day  came  on,  tliougii  the  weather  was  not  cloudy,  but  was 
exceedingly  clear.  ' 

"From  Aristioes,  Selioliast.,  ed.  Frommei.,  j).  222  (quoted 
from  Zech,  p.  39)  : 

'As  the  king  was  going  against  (ireece,  and  had  come 
into  the  region  of  the  Hellcsiiont,  there  happened  an  eclipse 
of  the  sun  in  the  east ;  for  it  portended  to  him  his  defeat, 
tliat  the  sun  was  eclipsed  in  the  region  of  its  rising,  since 
Xekxes  was  also  marching  from  the  east. '  " 

The  natural  inference  from  the  narrative  by  Heuodoti-s 
is,  that  tile  sun  was  totally  eclipsed  at  Sardis.  But  it  is 
evident  that  an  eclipse  of  the  sun  which  was  total  at  Sardis, 
must  have  been  very  nearly  total  at  Athens,  which  is  only 
about  2.'iO  miles  distant:  and  as  there  are  no  traditions  of 
its  h.'ivhiii  lii<'U  seen  in  CJreece,  it  is  obvious  tiial  the  phe- 
nomenon must  have  been  much  less  striking  than  the  account 
liy  IIeuoooti's  would  lead  us  to  suppose.  On  the  other  hand 
till'  account  by  Akistihes  only  shows  that  an  eclipse  occurred 
ill  the  early  morning,  while  the  sun  was  still  in  the  "region 
ul"  its  rising";  and  is  fully  satisfuMJ  by  any  eclipse  of  the 
Kini,  however  small  it  migiit  be. 

It  has  tiierefoie  been  a  matter  of  much  dilliciilty  to  aslroii- 
(iiiicis.  t(i  cxpiain  the  plienonienon  bj'  any  solar  eclipse  at 
tliat  time  ;  and  hence  it  has  lieon  supposed  by  s,onie,  that  the 
dale  of  the  IVrsian  expedition  has  not  been  correctly  given. 
This  supiiosition  is  rendered  somewhat  plausible  from  the 
fad  that  a  large  annular  eclipse  must  have  been  visible  at 
Sardis  on  February   Id,  in  the  year  B.C.  -177.     But  it  oc- 


curred a  little  after  noon  ;  and  hence  it  would  be  wlioliy 
incompatible  with  the  narrative  of  Ari.^tides,  who  says  it 
took  place  in  the  east,  a  fact  which  is  also  obscurely  indi- 
cated by  the  account  of  Herodotus. 

I  have  tiierefore  calculated  the  eclipse  of  April  19,  B.C. 
480,  and  have  obtained  the  following  element^i : 

t=  13"  lO"-  41' 

«  =  «'=  21°  S'.'il'.O  Z>  =  16'30".8  /«=  2166".5 
a  =  +  9  17  16  .1  D'z=}.',  48  .9  .Ju'=  134  .6 
fi'  =  +    8    :>'.)   40  .4      ;?  =  60   36  .2     Jit  =  -1-   646  .4 

J8'=  +     53  .8 
These  elements  give  for  central  eclipse  at  noon 
;.  =  —84°  46',         <f>  =  +25°  52'. 
And  the  line  of  central  and  total  eclipse  passes  through 
the  points  given  by  the  following  coordinates  : 
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The  ecli|)se  was  |iartial  at  Sardis.  I  find  the  time  of 
greatest  ecliiise  at  Sardis  was  12*'  9™. 2  mean  time  at  Wash- 
ington, which  corresponds  to  a  local  mean  time  of  7''  9"  in 
the  morning.  The  magnitude  of  the  eclipse  at  Sardis  was 
0.09  of  the  sun's  diameter,  or  1.08  digits  on  the  sun's  lower- 
limb.  The  account  of  the  eclipse  by  Aristides  is  therefore 
fully  confirmed  by  this  computation. 

The  eclipse  at  Susa  was  much  larger,  amounting  to  4.61 
digits  at  8''  42'"  in  the  morning  ;  but  at  Athens  it  was  very 
much  smaller,  amounting  to  only  0.0126  of  the  sun's  diame- 
ter, or  0.15  of  a  digit,  a  quantity  much  too  small  to  be 
noticed  without  the  aid  of  a  telescope. 

28.  Eclipses  number  10  ami  11  have  been  computed  for 
the  purpose  of  explaining  a  phenomenon  recorded  by  Xeso- 
I'liox,  in  the  third  book  of  his  Amthasis.  He  mentions  a  de- 
serted city  of  considerable  size,  called  Larissa  :  and  which  has 
been  identified  by  the  great  Assyrian  ruins  of  Nineveh  or 
Mosid.  Ho  also  states  that  the  city  was  formerly  inhabited 
by  the  Metles,  and  that  when  the  Persians  obtained  the  empire 
from  the  Medes,  their  king  besieged  it,  but  could  not  in  any 
way  take  it.  A  gluom  [or  cloud],  however,  covered  the  suu, 
and  caused  it  to  disappear  coniplotoly,  till  [I'.e.  to  such  a 
degree  that]  the  inhabitHiit.s  left  (the  city),  and  so  it  was 
taken. 

Professors  Airy  and  Hansen  have  explained  the  disap- 
pearance of  the  sun  at  Larissa  by  means  of  a  total  eclipse, 
which  took  place  late  in  the  afternoon  of  May  19,  B.C.  ."iSfi. 
I  lind,  however,  that  the  sunset  totally  eelipseti  in  h>ngitiKle 
37°  Hi'  east  of  Greenwich,  and  in  latitude  28'  32'  north,  at 
6'' 47'"  apparent  time  at  Larissa,  which  was  only  alH>ut  ten 
minutes  before  sunset  at  that  place.     And  since  the  longi- 
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tiulc  of  Laiissa  is  43"  20'  east,  and  tbe  latitude  is  36°  6' 
iioilli,  it  follows  that  the  sun  set  at  Larissa  partially  eclipsed. 

Hut  the  eclipse  which  happened  ten  years  later,  namely, 
in  H.C.  r)4G  October  23,  seems  to  explain  the  phenomenon 
much  better  ;  since  it  occurred  about  the  middle  of  the  after- 
noon, and  was  also  mncii  larger  at  Larissa. 

For  this  eclipse  I  find 

«=  17"  33°' 45- 

a  =  n'—  20°  5' 44".'.)  Z>=16'44".4  ./«=  34' 28".4 
,^  =  —  8  30  52  .9  1)'=  IC  IG  .2  Ju'—  2  23  .0 
,V=—  9  24  31  .9      7T=  61   2.1  .9     .W  =  — 17  24.8 

.JS'=—  0  56  .8 
Those  elements  <!;ive  for  central  eclipse  at  noon, 

;.  =  —16°  31',         4>  —  +51°  28'. 
And  liie  line  of  central  and  total  eclipse  passes  through 
the  points  given  by  by  the  following  coordinates  : 
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The  path  of  the  total  eclipse  is  illustrated  by  the  map  to 
which  I  have  already  called  attention. 

The  local  mean  time  of  greatest  eclipse  at  Larissa,  was 
2''  31'"  p.m.  ;  and  the  magnitude  of  the  eclipse  at  that  place 
was  0.8657  of  the  sun's  diameter  ;  or  10.4  digits  on  the  sun's 
southern  limb.  It  was  therefore  a  very  large  eclipse  at 
Larissa,  and  might  have  occasioned  the  gloom  which  fright- 
ened its  defenders. 

29.  Eclipses  number  12,  13  and  14,  have  each  in  turn 
been  supposed  to  be  the  eclipse  of  Thales.  I  have  already 
observed  that  Mr.  Baily,  for  historical  and  astronomical 
reasons,  was  led  to  believe  that  the  eclipse  of  609  Sept.  30 
was  indeed  the  correct  one  ;  and  that  Professor  Ann-  rejected 
it  because  it  was  apparently  incompatible  with  the  eclipse  of 
Agathocles.  But  I  have  found  the  reverse  to  be  the  case  ; 
and  that  the  eclipse  of  B.C.  584  May  28,  is  really  the  incom- 
patible one.  The  reason  assigned  by  Professor  Newccmb 
for  doubting  the  reality  of  the  occurrence  of  any  eclipse  at 
the  time  of  the  battle,  if  it  took  place  in  B.C.  584  would  not 
apply  to  the  circumstances  of  the  battle  if  it  took  place  in 
B.C.  609  ;  because  the  latter  took  place  almost  at  the  instant 
of  noon,  while  the  former  took  place  at  sunset  when  dark- 
ness was  otherwise  close  at  hand,  and  might  have  been  pre- 
maturely hastened  by  the  presence  of  a  heavy  bank  of  clouds 
in  the  vicinity  of  the  sun  at  that  time.  But  Hansen,  in  his 
Darlegung,  has  urged  other  reasons  against  the  eclipse  of 
B.C.  609  being  tbe  one  described  by  Herodotus.  For,  ac- 
cording to  Herodotus,  the  eclipse  was  predicted  by  Thales  ; 
and  Thales  is  supposed  to  have  been  born  in  B.C.  640  ;  so 
that  he  was  really  a  young  man  at  the  time  of  the  eclipse, 
being  only  about  thirty  years  old  ;  and  Hansen  was  inclined 


to  doubt  his  ability  to  predict  an  eclipse  at  that  youthful 
age.  However  that  may  be,  I  liave  adopted  it  for  the  true 
date  of  the  eclipse,  and  have  used  it  iu  connection  with  the 
eclipses  of  Pekicles  and  Agathocles  for  the  rectificatiou  of 
the  elements  of  the  moon's  motion. 

The  locality  at  which  the  battle  w^as  fought  is  also  of  some 
importance  in  this  connection.  Hansen  assumes  that  it  was 
near  to  Boghazkoei  (or  Boghaz  Kieui  as  it  is  given  in  Eng- 
lish maps  of  that  country),  longitude  34°  35'  east,  and  lati- 
tude 40°  1'  north  ;  "  in  whose  vicinity,  lately  monuments  cut 
in  rocks  have  been  found,  whicii  clearly  point  to  the  war  of 
the  Lydians  and  Medians,  to  the  battle  at  which  time  this 
eclipse  took  place,  and  to  the  events  of  the  peace  hereupon 
made."  It  will  be  seen,  by  reference  to  the  map,  that  the 
northern  limit  of  totality  in  the  eclipse  of  B.C.  609  Sei)t.  30, 
just  covers  Boghazkoei;  so  that  the  condition  of  totality  at 
that  place  is  satisfied.  But  I  was  surprised  to  find  that  the 
same  elements  of  the  moon's  motion,  when  applied  to  tbe 
computation  of  the  eclipse  of  B.C.  602  May  16,  gave  a  zone 
of  totality  which  satisfied  all  the  conditions  of  the  eclipse- 
battle  equally  well,  if  not  better  than  the  eclipse  of  609.  In 
fact,  the  eclipse  of  B.C.  602  May  18,  was  one  of  the  most 
remarkable  ones  that  can  possibly  take  place  ;  not  only  on 
account  of  the  great  breadth  of  the  shadow,  but  also  for  the 
length  of  time  during  which  it  was  total.  The  shadow  in 
its  course  across  Asia  Minor  was  circular,  and  had  a  diameter 
of  more  than  200  miles  ;  and  the  duration  of  totality  along 
the  central  line  was  no  less  than  7'"  4'.  It  also  passed  very 
nearly  centrally  over  Boghazkoei  ;  and  the  central  line  fol- 
lowed the  river  Halys  a  distance  of  no  less  than  200  miles. 

It  therefore  follows  that  both  the  two  eclipses  B.C.  609 
Sept.  30,  and  B.C.  602  May  18,  satisfy  equally  well  the 
astronomical  conditions  of  the  problem.  They  both  passed 
over  the  same  locality  within  ten  minutes  of  the  same  time 
of  day  ;  and  their  general  astronomical  features  were  the 
same  in  every  respect  except  iu  the  duration  of  totality. 
But  this  last  featuVe  would  render  the  eclipse  of  B.C.  602 
May  18  far  more  impressive  ;  since,  according  to  the  present 
computation,  the  totality  of  the  former  could  not  have  ex- 
ceeded half  a  minute  at  Boghazkoei,  while  for  the  latter 
it  must  have  continued  nearly  fifteen  times  as  long.  Be- 
sides, Hansen's  objections  to  the  eclipse  of  609  being  the 
one  predicted  by  Thales,  on  account  of  his  youthful  age, 
would  have  much  less  force  when  applied  to  an  eclipse  which 
happened  seven  years  later.  It  would  therefore  seem  that 
the  eclipse  of  B.C.  602  May  18  was  rather  the  more  probable 
of  the  two  ;  but  the  decision  of  the  question  must  be  de- 
termined by  means  of  historical  rather  than  astronomical 
considerations. 

For  the  eclipse  of  B.C.  602  May  18,  we  have 
t  =  16"  8"  0' 

«  =  «'=  46°40'21".0  i>=16'57".0  z/«  =  37' 15".3 
S  =  +  18  12  29  .0  D'=  15  45  .5  Ja=  2  24  .1 
tN'=+17   46   26  .8      ;t  =  6111.7     J^=+1344.4 

J8'=  +  0  39  .4 
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For  the  place  of  central  eclipse  at  noon  we  bave 

;.  =  —38"  45',         <l>  =  +43°  0'. 
Ami  the  line  of  central  and  total  eclipse  passes  through 
tlie  points  given  by  the  following  coordinates  : 


T 


r 


}. 


15  20 

—20  35 

15  28 

23  20 

15  36 

26  7 

15  44 

—2 'J  0 

-1-39  8 
41  6 
43     0 

+  44  52 


+  30  26  15  52      —32     1 

32  45  16     0  35    15 

34  58  16     8  38  45 

+  37     6  16   16      —42  35 

For  the  eclipse  of  B.C.  609  Sept.  30  we  have 
<  =  le"  29""  24> 

«  =  «'=  179' 57'  9".0  I>=16'38".8  .da=  35' 50". 2 
(V  —  +  0  40  19.4  Z)'=16  11.3  .da'=  2  17.8 
6'=+    0      135.6      .-r=61     5.4    JS  =  — 12      1.5 

JS'——  1     0  .7 
And  for  the  place  of  central  eclipse  at  noon  we  have 

/.  =  —33°  59',         .|.  =  +  39°  22'. 
The  line  of  central  eclipse  passes  through  the  points  given 
by  the  following  coordinates  : 
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16  24 
16  28 
16  32 
16  36 
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—29  38 
31  30 
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34  59 
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16  40 
16  44 
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—38  13 
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36  11 
35  20 
34  30 

+  33  40 


The  record  of  eclipse  number  15  was  discovered  on 
the  Assyrian  tablets  in  the  British  Museum.  It  occurred 
B.C.  762  June  15,  and  for  this  date  I  find  the  following  ele- 
ments 

<=  17"  14'"  7" 

«  =  «'  =  73°  1  7'  49".7  Z»  =  16'  30".9  Ju  =  40'  28".9 
it  —  +23  10  47  .8  D'z=  15  46  .1  Ja'=  2  33  .9 
iV  =  +22   54  10  .6      J7  =  60  36  .3    Jd  =+   1      1  .5 

z/a'=+   0   16  .6 
These  elements  give  for  central  eclipse  at  noon 

/.  =  —22°  44',         ^  =  +38°  49'. 
And  tlie  path  of  central  eclipse  is  given  by  means  of  the 
following  coordinates  : 

'/'  >  A  r  /  A 
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The  track  of  the  eclipse  is  shown  on  the  map,  from  whicii 
it  is  seen  that  the  shadow  passed  almost  centrally  over 
Nineveh,  at  18''  0'"  mean  time  at  Washington  ;  or,  at  two 
o'clock  in  tiie  afternoon  at  Nineveh. 

31.  Kclipso  number  16,  the  earliest  of  the  series,  has 
liien  computed  because  it  took  place  during  the  last  year  of 
the  Trojan  war ;  and  it  was  tiiought  that  possil)ly  it  might 
explain  the  singular  darkness  that  occurred  during  one  t)f  the 
great  battles  mentioned  by  IIoMKit,  provided  its  path  was 
such  as  to  take  it  tiu-ough  Asia  Minor.  This  proved  to  be 
the  case  ;  but  I  was  greatly  surprised  to  find  lliat  the  moon's 
shadow    passed   directly   over   the    Hellespont,   and  couse- 


qnenth'  must  have  enveloped  the  whole  Trojan  territory  ia 
darkness.  On  account  of  this  happy  coincidence  of  time 
and  place,  I  have  ventured  to  designate  this  as  the  eclipse  of 
HoMEii ;  although  I  am  not  aware  that  any  one  has  ever 
attempted  to  explain  the  darkness  of  that  occasion  by  meaua 
of  a  total  solar  eclipse.  It  occurred  B.C.  1184  August  28; 
and  for  tiiis  date  I  find  the  following  elements: 

t=  18"  40""  17* 

«  =  «'=    14.5°59'29".5  Z>=16'42".4 

«=  +14   30   12  .7  Z>'=16     3.8 

8'=z  +13   53  26  .3  n  =  61    18  .5 


Ju  =  38'  7"  9 
Ja'  =  2  23  .9 
J8  =  —9  24  .9 
J8'  =  —0  49  .7 


These  give  for  central  eclipse  at  noon 

;.  =  — 3°15',         <;.=:  -t-50°  45'. 
The  line  of  central  eclipse  passes  through  points  given  by 
the  following  coordinates : 
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IIoMEu's  description  of  the  event  is  found  in  the  seven- 
teenth book  of  the  Iliad,  of  wiiich  Pope  gives  the  following 
spirited  translation  : 

"  In  one  thirk  ilarkncii'^  all  Ihr  Dcht  was  lu«l: 
The  sun,  tlic  moon,  ami  all  Ih' etiierral  host. 
SoeniM  asextlnt't;  day  ravlsliM  from  their  eyes. 
Anil  all  heaven's  splenilorB  blotteil  from  the  skies.'* 

Had  the  poet  been  attempting  to  describe  a  total  eclipse  of 
the  sun  as  it  would  appear  amidst  the  dust  and  turmoil  of  a 
battle-field,  his  description  could  hardly  have  been  more  ac- 
curate. It  is  true  he  may  have  somewhat  exaggerated  some 
of  the  circumstances  of  the  occasion  in  order  the  better  to 
immortalize  his  hero  ;  but  on  the  whole  the  description  is  so 
truly  natural  that  we  cannot  on  that  account  withhold  belief 
in  its  reality.  This  eclipse  I  think  may  therefore  be  con- 
sidered as  the  earliest  one  recorded  in  Grecian  history.  It 
precedes  the  Nineveh  eclipse,  which  has  heretofore  been  re- 
garded as  the  most  ancient  eclipse  on  record,  by  more  than 
four  hundred  years  ;  and  on  that  account  is  doubly  valuable 
as  an  important  epoch  in  both  history  and  science.  It  passetl 
the  battle-field  at  twenty-one  minutes  past  two  o'clock  in  the 
afternoon  ;  and  marks  the  turning  point  in  the  fortunes  of 
Troy ;  and  also  constitutes  a  lilting  termination  to  the 
already  waning  glories  of  the  heroic  age. 

It  will  be  seen  by  the  ipap  that  this  eclipse  was  unusually 
large,  and  nmst  have  swept  over  nearly  the  whole  of  the 
territory  of  Asia  Minor,  south  of  a  line  drawn  from  the 
straits  of  the  Hosphorus  to  the  northern  point  of  the  gidf  of 
Issus.     It  was  therefore  a  very  remarkable  eclipse. 

32.  We  see  from  this  discussion,  that  the  secular  vari- 
ations of  the  moon's  orbit,  which  I  have  obtained  by  means 
of  analysis,  when  taken  in  connection  with  corrections  of 
the  mean  motions  of  the  perigee  and  no<ie,  which  have  been 
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obtained  by  means  of  only  three  of  tlie  eclipses,  give  ele- 
ments of  tiie  moon's  orbit  which  very  |)erfeetly  represent  the 
whole  series  of  eclipses.  The  eclipses  employed  for  correct- 
ing the  elements  embrace  a  period  of  only  300  years  ;  while 
the  whole  series  of  eclipses  which  have  been  discnssed  ex- 
tend over  a  period  of  more  than  ;!000  years  ;  and  appear  to 
be  eqnally  well  represented  with  those  which  were  used 
in  order  to  obtain  the  corrections.  This  perfect  agreement 
l)etween  theory  and  observation  when  extended  over  so  long 
a  period  of  time  seems  to  justify  the  conclusion  that  the 
elements  of  the  moon's  motion  which  have  been  employed  in 
the  discussion,  are  essentially  correct ;  and  may  therefore  be 
applied  to  all  past  and  future  ages,  without  differing  widely 
from  the  truth,  in  tlie  representation  of  observed  phenomena. 
33.  It  remains  now  to  show  the  effect  of  these  corrections 
on  the  periodic  inequalities  whicli  affect  the  moon's  motion. 
I  shall  not  enter  into  the  general  discussion  of  this  problem, 
but  shall  confine  my  attention  to  the  three  principal  equa- 
tions of  the  longitude,  in  which  the  longitude  of  the  moon's 
perigee  enters  as  a  term  of  the  argument.  These  three 
terms  are,  the  first  and  second  terms  of  the  equation  of  the 
center,  and  the  evectiou.  I  find  the  correction  of  the  moon's 
longitude,  /Iv,  arising  from  a  correction  to  the  longitude  of 
the  perigee,  Joi,  will  be  given  by  the  following  equation,  in 
which  nt,  n't  and  w,  denote  respectively  the  mean  longitudes 
of  the  moon  and  sun  and  the  moon's  perigee. 

2%  \-j-  =  —0.10976  cos{nt—o))  —  0.00716  cos  2(n<— w) 
L  -f  0.02223  cos{nt—2n't  +  M) 

We  have  already  found  the  correction  to  the  mean  motion 
of  the  perigee  to  be  -F0".7500  in  a  Julian  year,  and  the  cor- 
rection of  the  secular  equation  of  the  perigee  to  be  -f- 52". 865 
in  a  Julian  century.  We  shall  therefore  have  at  any  time  t, 
from  the  epoch 

(43)  Jto  —  0".7500  •  t  +  0".0052865  ■  t-. 

t  denoting  Julian  years.  With  this  formula  I  have  computed 
the  corrections  to  Hansen's  longitude  of  the  perigee  at  inter- 
vals of  ten  years  for  a  period  of  two  hundred  years  before 
and  after  the  epoch,  as  in  the  following  table. 

Table  Showing  Corrections  to   Hansen's   Longitdde  of 
Perigee. 
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The  epoch  of  Hanskn's  tables  is  1800  Jan.  0.0.  Accord- 
ing to  equation  (42)  the  correction  to  the  moon's  longitude 
is  included  within  the  limits  0"  and  ±  i  Joi.  The  elements 
being  supposed  correct  at  the  epoch,  the  error  in  the  longi- 
tude, arising  from  this  cause,  in  1820  would  amount  to  some- 
thing over  2"  ;  in  1850  it  would  be  something  over  7"  ;  while 
in  1890,  the  correction  would  amount  to  16".  There  would, 
therefore,  be  a  gradually  widening  distance  between  compu- 
tation and  observation,  which  would  be  apparently  due  to 
one  or  more  inequalities  of  long  period  in  the  moon's  mo- 
tion ;  although  they  were  in  reality  due  to  errors  in  the  mean 
and  secular  motions  of  the  perigee.  The  deviations  during 
the  years  antecedent  to  the  epoch  would  be  much  smaller,  on 
account  of  the  much  slower  change  in  the  value  of  ./co  during 
the  first  two  centuries.  It  therefore  seems  to  me  that  the 
errors  in  the  moon's  longitude  arising  from  the  errors  in  the 
longitude  of  the  perigee,  taken  in  connection  with  the  fact 
that  Hansen's  coefficient  of  the  secular  variation  of  the 
moon's  longitude  is  too  great  by  something  more  than  4",  is 
sufficient  to  explain  the  fact  of  apparent  inequalities  of  long 
pei-iod  in  the  moon's  motion,  even  though  such  inequalities 
have  no  real  existence  in  nature.  The  complete  establish- 
ment of  this  proposition  by  means  of  a  rigorous  comparison 
with  the  accurate  observations  of  the  moon  which  have  been 
made  during  last  150  years  is  too  great  a  work  for  private 
enterprise  ;  and  I  have  restricted  my  comparison  to  the  rec- 
ords of  solar  eclipses  which  have  come  down  to  us  through 
the  ages,  and  find  an  entirely  satisfactory  agreement  between 
calculation  and  observation.  This  agreement  also  tends  to 
prove  the  constancy  of  the  duration  of  a  day  ;  and  to  dis- 
pose of  the  hypothesis  of  the  tidal  retardation  of  the  earth's 
rotation,  which  has  recently  come  into  prominence. 

Note.  The  map  illustrating  the  eclipses  which  have  Ijeen  dis- 
cussed, lias  been  prepared  !)}■  my  son  Edward  A. ;  and  the  shaded 
ovals  approximately  represent  the  size,  form,  and  position  of  the 
shadow  when  at  the  particular  points  where  they  are  located.  For 
the  two  Th,\les(?)  eclipses  they  designate  the  place  of  central 
eclipse  at  noon ;  which  is  also  the  case  with  the  eastern  oval  in  the 
eclipse  of  Agathocles. 


Cleveland,  0.  1890  May  15. 
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THE   THICKNESS   OF   SATURN'S  RIXG, 


Bv  A.  II.VM.. 


A  knowledge  of  the  mass  of  the  Ring  of  Saturn  wonld  be 
interesting,  since  the  inner  satellites  of  this  planet  move 
nearly  in  tlie  plane  of  the  Ring,  and  their  motions  may  be 
sensibly  influenced  by  the  action  of  this  mass.  If  we  sup- 
pose the  Ring  to  be  a  thin  cylindrical  body,  of  uniform 
thickness  and  density,  a  particle  moving  in  its  equatorial 
plane  would  have  its  differential  eipialion  of  motion  of  the 
form  : 

±(lz 
■        ^  a  +  aiZ+  (t^  +  a^  -f-  a^  +  a;z'  -(- 

ill  which  «  :=:       ;  and  y  and  r  are  the  [lolar  coordinates  in 

the  erpiatorial  plane.  If  in  this  equation  we  neglect  powers 
of  2  above  the  second,  since  «.  =  — 1,  we  shall  have  the 
trigonometrical  integral  which  gives  the  common  elliptic 
motion  ;  and  the  action  of  the  Ring  will  be  the  same  as 
though  its  mass  were  concentrated  at  the  center.  But  if 
liiglier  powers  of  z  be  retained  the  motion  becomes  more 
complicated,  since  we  shall  have  elliptic  and  hyperelliptic 
integrals.  A  determination  of  the  thickness  of  the  Ring 
will  not  of  course  furnish  a  knowledge  of  its  mass,  since  the 
ih'iisity  remains  unknown,  but  .such  a  determination  may  be 
useful  as  a  guide  in  making  an  estimate. 

So  far  as  I  know  the  only  determinations  of  the  thickness 
of  the  Ring  by  observation  are  the  following : 


No. 

Author 

Thickness 

Eng.  Miles 

1 
2 
3 
4 

DlSKJOlK 

W.  IIkksciiki. 

SCIIKOKTKU 

W.  C.  and  G.  P.  Bond 

0.224 
0.2 
0. 1 26 
<0.01 

958 

856 

539 

<  43 

1 .  This  is  the  value  of  the  thickness  generally  given  as 
I'duiul  by  DusEiioiiu,  and  is  taken  from  his  TraiU  Aiiuh/liiiue, 
'J'omo  II,  p.  127.  Paris,  1789.  It  is  the  resu'lt  of  a  discus- 
sion of  the  disappearances  and  reappearances  of  the  Ring 
observed  before  1789  ;  and  is  liardly  nu)re  than  a  hypothetical 
thickness  introduced  for  the  purpose  of  satisfying  these  ob- 


servations. In  fact,  DusEJOCR  says  himself  that  we  must 
consider  the  real  thickness  of  the  Ring  as  unknown. 

2.  Hkrsciiel's  determination  was  made  in  1789,  soon 
after  his  discovery  of  the  two  inner  satellites.  It  is  an  esti- 
mate made  by  comparing  the  thickness  of  the  Ring  with  the 
apparent  diameters  of  the  various  satellites  {Pliilosojihical 
Transactions,  Vol.  LXXX,  pp.  6  and  7.     London,  1790). 

3.  Schroeter's  value  was  found  from  measurements  of 
the  width  of  the  trace  of  the  Ring  on  the  ball  of  the  planet 
in  1803,  June  2.i,  Kronographische  Frcifimeiite,  m^.  I.i7  and 
211,  Giittingen,  1808.  These  observations  appear  to  have 
been  made  with  great  care. 

4.  The  last  determination  was  made  at  the  Harvard  Col- 
lege Observatory  in  September,  1848,  Anitals,  Vol.  II,  pp. 
121  and  122.  The  method  followed  was  to  compare  the 
amount  of  light  received  from  the  surface  of  the  Ring,  a 
short  time  before  its  disappearance,  with  the  light  received 
from  the  edge  of  the  Ring.  Very  little  detail  of  the  obser- 
vations is  given,  and  one  cannot  judge  well  of  the  accuracy 
of  this  residt,  but  the  method  appears  to  be  well  worth 
another  trial. 

Let  f(|  be  the  radius  of  the  outer  edge  of  the  Riug,  and  o, 
the  radius  of  the  inner  edge  ;  if  we  assume  the  Ring  to  be 
circular  we  shall  have 

areu  elliplicul  ring  =  ttsin6(a^° — aj), 
where  0  is  the  elevation  of  the  observer  above  the  plane  of 
the  Ring.     The  edge  of  the  Ring  will  appear  as  a  straight 
line  =  20, ;  and,  if  </  be  the  thickness,  the  ratio  of  the  surfaces 
near  the  time  of  disajipearance  will  be 

n sin  0(a,- — aj)  +  2u,'I  —  s 

'2(1  ,fl  ~ 

s  lieing  the  part  of  the  surface  of  the  Ring  hidden  by  the 
ball  of  the  planet.  .«  will  be  an  area  bounded  by  three  ellipses, 
for  which  an  e.xact  integral  can  be  found,  and  the  chief  ditli- 
culty  of  the  compulation  will  bo  in  determining  the  value  of 
this  integral  for  the  rather  complicated  limits  of  integration. 
When  the  value  of  the  ratio  .1  has  been  found  by  observa- 
tion, we  can  lind  </  from  the  above  simple  e<|ualiou. 
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The  next  disappearance  of  the  Ring  of  Saturn  will  be      the  plane  of  the  Ring  will  be  small  again  on  May  20,  1892, 
1891  Sept.  22.  ami  it  will  reappear  on  Oct.  30  of  the  same 
year.     Unfortunately  at  that  time  the  planet  will    be  very 
near  the  sun,  althougii  perhaps,  some  observations  may  be 
made  at  the  reappearance.    The  elevation  of  the  earth  above 

Washington,  D.C.,  1890  June  ih. 


and  then  Saturn  will  be  more  favoral)ly  situated  for  obser- 
vation. Perhaps  with  the  improved  methods  of  photometry 
and  photography  some  more  certain  results  may  be  obtained 
for  the  thickness  of  the  Ring. 


OBSERVATION'S   OF   VARIABLE   STARS   OF   THE  ALGOL-TWK, 

Bv  I'AUI,  S.  YENDELL. 


Tiie  observations  whose  results  are  here  detailed  are  in 
continuation  of  the  line  of  work,  part  of  which  has  already 
been  published  in  this  Journal,  Vol.  IX,  p.  81.  As  there 
mentioned,  an  effort  has  been  made  to  secure  observations  of 
all  the  available  minima  of  all  the  objects  of  this  class,  and 
it  is  much  regretted  that  the  great  prevalence  of  unfavorable 
weather  during  tlie  past  year  has  so  seriously  interfered  with 
this  line  of  work  ;  of  one  star,  I  Tauri,  useful  observation  has 
been  entirely  prevented  by  weather  and  illness,  the  few  ob- 
servations secured  on  three  evenings  being  of  entirely  tenta- 
tive character,  and  in  no  way  wortii  publishing. 

Minima  have  been  observed  as  follows  :  of  Algol,  four  ; 
of  U  Cephei,  two  ;  of  R  Canis  Majoris,  three  ;  and  of  S  Can- 
cri,  two,  with  observations  ou  three  evenings  from  which 
minima  have  been  deduced.  The  reductions  have  been  made 
on  the  same  plan  as  those  published  in  the  former  paper,  ex- 
cept that  in  the  case  of  Ji  Canis  Majoris,  no  standard  light- 
curve  has  been  published,  and  my  own  observations  do  not 
afford  suflicient  material  for  the  construction  of  such. 

The  results  of  my  observations  of  Paul's  new  variable  of 
this  class,  iS'  Antliae,  have  already  been  published  in  this 
Journal,  and  ou  that  account,  are  not  included  here. 

Algol. 
The  following  four  minima  of  Algol  have  been  deduced 
from  a  series  of  naked-eye  observations  ;  the  mean  light- 
curve  employed  is  that  of  Scuonfeld,  published  in  the  Jahres- 
bericht  des  Mannheimer  Yereins  fiir  Nalurkunile.  no.  36, 
p.  87. 

1889  Nov.  15  ;  fifteen  observations,  from  5''  45"'  to  12''  15'" 
C.M.T. 

Time  of  minimum  by  single  curve,  11''  18'". 5,  wt.  5. 
Time  of  minimum  by  mean  curve,   lO*"  57'". 3. 
Time  of  niininium  by  equal  brightness, 

Before  After  Middle 


5''  45""   to 


3.3 

10 

34.5 

12     0.5 

11 

17.5 

3.4         11     0.5          11  41.5 
Mean  of  middle  times 

11 

19.5 

11 

18.5 

1889 

Nov. 

18 

;    nineteen 

observations 

fi 

om    J 

9' 

53"'. 

Time  of  minimum  by  single  curve,  S""  28'". 5,  wt.  5. 
Time  of  minimum  by  mean  curve,  8''  27'". 3. 
Time  of  ininiinuui  liy  equal  brightness, 

Bifore        .\fter        Middle 


3.3 

7   13 

9  33 

8  23 

3.4 

7  30 

9   20 

8  25 

3.5 

8  10 

8  44 

8  27 

Mean  of  middle  times         8  25 

1889  Dec.  11  ;  seven  observations,  from  5"  43'"  to  7"  33'". 
Time  of  minimum  by  single  curve,  6''  48'",  wt.  1. 

Time  of  minimum  by  mean  curve,  C'  46'". 
Time  of  minimum  by  equal  brigiitness  is  not  given,  for 
want  of  sufficient  observations  after  minimum. 

1890  Feb.  12  ;  six  observations,  from  6''  50"'  to  9''  50'". 
Time  of  minimum  by  single  curve,  9''  19'",  wt.  3. 
Time  of  minimum  by  mean  curve,  8''  31'". 

Time  of  minimum  by  equal  brightness, 

Before         .After        Middle 

?iA       8  42"      9' 40'"     9'  n'" 

U  Cephei. 
Two  minima  have  been  observed.     The  mean  light-curve 
employed  is  that  of  Chandler  (autumn). 

1889    Nov.    IS:    fourteen    observations,    from   6''   10'"  to 
9"  35'"  C.M.T. 

Time  of  mininium  liy  single  curve,  7''  35'". 5,  wt.  5. 
Time  of  minimum  by  mean  curve,  7''  42'". 9. 
Time  of  minimum  by  equal  brightness. 


Before 


After 


Middle 


8.9 

6  53.5 

8  57.5 

7  55.5 

9.0 

7     2.5 

8  45.5 

7  54.0 

9.1 

7  13.5 

8  20.5 

7  47.0 

9.2 

7  28.5 

7  39.5 

7  34.0 

Mean  of  middle  times 


47.6 


1889  Nov.  28  ;  fifteen  observations,  from  5''  40'"  to  9''  17" 
Time  of  minimum  by  single  curve,  6''  44'". 5. 
Time  of  minimum  by  mean  curve,  7''  3'".0. 
Time  of  minimum  by  equal  brightness, 
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Before 

After 

Middle 

M                      h         m 

i>      III 

Ix         ni 

8.9         6   10.5 

8  22.5 

7   16.5 

9.0         (J   15.5 

8     6.5 

7  11.0 

9.1         G  20.5 

7  37.5 
times 

6  59.0 

Mean  of  middle 

7     8.8 

I{  C'anix  Mujorix. 
Tiirce  niiuiiiui  iiave  beeu  observed,  as  follows : 
1890  Jan.  16;  seven  observations,   from  7'' 45"' to  9'' 33'" 
C'.M.T. 

Time  of  minimiun  by  single  curve,  8''  7'",  wt.  3. 
Time  of  minimum  by  equal  brightness. 

Before        After        .Middle 


6.2 
6.3 


48 


8  30 
8  20 


8  9 
8  7.5 


Mean  of  middle  brightness    8  8.25 

1890  March  8  ;  lifteen  observations,  from  8''  a-"  to  1 1''  51" 
Time  of  minimum  by  single  curve,  10''  50'",  wt.  4. 
Time  of  minimum  by  equal  brightness, 


Before 


After 


Middle 


6.7 

10     3 

1  1    30 

10  46.5 

6.8 

10   18 

11    19 

10  48.5 

6.9 

10   25 

11      3 

10  44.0 

Mean  of  middle  brightness    10  46.3 

1890  April  18  ;  tiiree  observations,  from  7'>  45""  to  8"  30'". 
Time  of  minimum  by  single  curve,  8''  6'",  wt.  2. 
Time  of  minimum  by  equal  brightness, 

Before        After  Middle 

els        7  56'"      s'n"       8"l0'."5 

S  Cuncri. 
Two  minima  of  5  Cancri  have  been  observed.  The  liglit- 
scale  and  mean  light-curve  used  in  the  reductions  are  those 
of  ScHoNKKi.i),  published  in  his  monograiih  on  the  star  in  the 
Jahre.ihericht  des  Mami/ieimer  Verehi.i,  no.  38,  p.  63.  The 
reduction  by  etiual  lights  has  not  been  applied  to  this  star, 
on  account  of  the  peculiar  nature  of  its  light-curve.  All  the 
observations  of  S  were  made  with  the  4 '-inch  refractor.  On 
three  evenings,  observations  have  been  made  from  which 
minima  conid  be  infeiicd.  'I'hc  observed  minima  arc  as 
follows: 

lS90I'Vb.  15  :  Ihirlcen  observations,  from  7''  15"'  to  13''  5'" 
I'.M.T. 

Time  of  mininuim  by  single  light-curve,  12''  14"',  wt.  4. 
Time  of  minimum  by  mean  light-curve  12''  X'". 
Dorchexter,  1890  ^fll;/  21. 


1890  Apr.  13  :  twelve  observations,  from  7''  49"°  to  1 1*"  30"'. 
Time  of  minimum  by  single  curve,  lO"*  12'". 5,  wt.  4. 
TIrae  of  minimum  by  mean  curve,  9''  55.9. 

From  observations  made  when  the  actual  minima  were  not 
observed,  I  deduce  the  followiug  epoebs  of  minima. 


1890  Feb.  6, 

7  30 

14.4 

4 

.')■) 

17.75 

■> 

8  35 

16.15 

4 

9     5 

17.00 

4 

40 

17.00 

4 

10  10 

18.25 

4 

Inferred  minimum  Feb.  6,  O*"  10"'. 0 


1890  Mav  2, 


8  30 

9  3 
15 
32 


7.65 
3.80 
2.80 
2.80 


Inferred  minimum  May  2,  9''  45"". 0 

h        III  L  W 

1890  Mav  12,     8  25  17.25  4 

9     0  18.75  4 

35         19.25         4 
Inferred  minimum  May  II,  21''  22'". 6 

KliCArlTCL.\TlOX. 


Alf/ol. 

Single  Curve              Wt. 

Mean  Curve 

E.iiial  Br. 

ii      III 

h 

m 

h 

tn 

1889  Nov. 

15, 

11    18.5         5 

10 

57.3 

11 

18.5 

18, 

8  28.5         5 

8 

27.3 

8 

25.0 

Dec. 

11, 

6  48.0         1 

6 

46.0 

1890  Feb. 

12, 

9   19.0         3 

8 

31.0 

•t 

11.(1 

1889  Nov 

18, 

7  35.5         5 

7 

42.9 

7 

47.6 

28, 

6  44.5         4 

^ 

3.0 

' 

8.8 

R  Can  is  Majori.i. 

1890  .Ian. 

16. 

S     7.0         3 

8 

.S.25 

Mar. 

8, 

10  50.0         4 

10 

46.0 

Apr. 

18, 

8     6.0         2 

6'  I'liHCrl. 

8 

10.5 

1890  Feb. 

15, 

12   1  1.4          4 

12 

8.0 

Apr. 

13, 

10    12.5          4 

9 

55.9 

Feb. 

6, 

U 

0 

10.0 

Mav 

11. 

r 

9 
21 

45.0 
22.6 

My  observations  of  Y,  Ci/i/iii,  made  during  the  same  autumn 
and  winter,  have  already  been  publislunl  in  Ibis  Journal, 
Vol.  IX.  p.  166. 


XKW   AS'niK'olD. 

A  i)l!inet  of  the  twelflh  magnitude  was  discovered  .Inly  15,  by  .Mr.  rinui  m*.  at  Nice,  who  give--  icu-  im'mimmi  ;  — 
1.S90  .Inly  15.5277  (ireenw.  M.l'.     u  =  21''  22'"  56". 7,     d  =  —13"  39'  32".     Ihiily  motion,  —7'  in  «,  and  5'  southw.ird. 
This,  if  new,  is  no.  291. 
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SIW-SPOT  OBSERVATIONS, 

.■MADIC     AT    IIKYN     MAWIt,     PKNX.,     WITH     A    3-lNX-ll     ItEl'KACTOK. 

By  a.  W.  QUIMBY. 


1890 

Time 

Grs. 

Sps. 

Fac. 
Grs. 

Def. 

1890 

Time 

Grs. 

Sps. 

Fac. 
Grs. 

Def. 

1890 

Time 

Grs. 

Sps. 

Fac. 
Grs. 

Def. 

Jan.    2 

9 

1 

1 

0 

fair 

Mar.   9 

9 

1 

17 

0 

fair 

Mav    9 

7 

2 

26 

0 

fair 

3 

9 

1 

1 

0 

<I<«)il 

10 

8 

1 

6 

0 

poor 

'   10 

7 

2 

12 

0 

poor 

4 

9 

1 

1 

0 

fair 

11 

1 

1 

3 

0 

poor 

11 

2 

2 

9 

0 

poor 

6 

9 

1 

1 

0 

poor 

12 

9 

1 

3 

0 

fair 

12 

7 

2 

13 

0 

fair 

8 

9 

0 

0 

0 

poor 

1.5 

9 

0 

0 

0 

poor 

13 

7 

2 

0 

poor 

9 

9 

0 

0 

0 

poor 

10 

7 

0 

0 

0 

good 

14 

1 

0 

'  0 

0 

fair 

10 

10 

0 

0 

0 

bad 

17 

7 

0 

0 

0 

fair 

1.5 

1 

0 

0 

0 

poor 

12 

9 

0 

0 

0 

fair 

18 

8 

0 

0 

0 

fair 

16 

7 

0 

0 

0 

poor 

13 

9 

0 

0 

0 

poor 

19 

4 

0 

0 

0 

poor 

17 

7 

0 

0 

0 

fair 

14 

9 

0 

0 

0 

fair 

20 

8 

0 

0 

0 

fair 

18 

7 

2 

9 

3 

good 

1.5 

2 

0 

0 

0 

bad 

21 

4 

0 

0 

0 

poor 

19 

11 

2 

0 

0 

fair 

16 

1 

0 

0 

0 

poor 

23 

8 

0 

0 

0 

fair 

20 

7 

0 

0 

0 

poor 

17 

9 

0 

0 

1 

fair 

24 

7 

0 

0 

0 

poor 

21 

8 

1 

1 

1 

fair 

18 

9 

0 

0 

0 

pool' 

25 

1 

0 

0 

0 

poor 

22 

9 

0 

0 

0 

poor 

19 

9 

2 

21 

0 

good 

26 

7 

0 

0 

0 

fair 

23 

7 

0 

0 

0 

poor 

21 

1 

2 

10 

1 

fair 

27 

8 

0 

0 

0 

fair 

24 

6 

0 

0 

0 

fair 

22 

9 

0 

0 

0 

good 

28 

1 

0 

0 

0 

poor 

25 

1 

0 

0 

0 

poor 

24 

8 

0 

0 

0 

fair 

29 

7 

0 

0 

0 

poor 

26 

2 

0 

0 

0 

poor 

25 

10 

0 

0 

0 

bad 

30 

8 

0 

0 

0 

fair 

27 

9 

0 

0 

0 

poor 

26 

8 

0 

0 

1 

fair 

28 

7 

0 

0 

0 

fair 

27 

8 

0 

0 

1 

•    fair 

Apr.    1 

10 

0 

0 

0 

good 

29 

7 

0 

0 

0 

fair 

28 

8 

0 

0 

0 

goo<l 

2 

9 

0 

0 

0 

good 

30 

7 

0 

0 

0 

fair 

29 

9 

0 

0 

0 

good 

3 

9 

0 

0 

0 

good 

31 

7 

0 

0 

0 

fair 

30 

8 

0 

0 

0 

poor 

4 

4 

0 

0 

0 

fair 

31 

1 

0 

0 

0 

poor 

5 

9 

0 

0 

0. 

fair 

.June    1 

6 

0 

0 

0 

fair 

6 

8 

0 

0 

0 

fair 

2 

7 

0 

0 

0 

fair 

Feb.    1 

1 

0 

0 

0 

bad 

7 

11 

0 

0 

0 

fair 

3 

7 

0 

0 

0 

fair 

.5 

10 

0 

0 

0 

fair 

8 

7 

0 

0 

0 

fair 

4 

7 

0 

6 

0 

fair 

6 

11 

0 

0 

0 

fair 

10 

8 

0 

0 

0 

fair 

5 

7 

0 

0 

0 

fair 

7 

10 

0 

0 

0 

poor 

11 

8 

0 

•0 

0 

fair 

6 

7 

1 

10 

0 

fair 

9 

8 

0 

0 

0 

poor 

13 

7 

0 

0 

0 

fair 

7 

7 

1 

13 

0 

fair 

10 

9 

0 

0 

0 

fair 

U 

7 

0 

0 

0 

fair 

8 

7 

1 

8 

0 

fair 

11 

11 

0 

0 

0 

fair 

1.5 

8 

0 

0 

0 

fair 

<) 

7 

1 

5 

0 

fair 

12 

10 

0 

0 

0 

fair 

16 

8 

0 

0 

0 

fair 

10 

7 

0 

0 

0 

fair 

13 

9 

0 

0 

0 

goo<l 

17 

7 

0 

0 

0 

good 

11 

7 

0 

0 

0 

fair 

14 

S 

0 

0 

0 

poor 

18 

8 

0 

0 

0 

good 

12 

7 

0 

0 

0 

fair 

1.5 

8 

0 

0 

1 

fair 

19 

8 

0 

0 

0 

good 

13 

10 

0 

0 

0 

poor 

16 

8 

0 

0 

0 

fair 

20 

7 

0 

0 

0 

good 

14 

7 

0 

0 

1 

fair 

17 

8 

0 

0 

0 

))oor 

21 

7 

0 

0 

0 

good 

15 

6 

0 

0 

0 

poor 

18 

8 

0 

0 

0 

fair 

22 

7 

0 

0 

0 

good 

16 

7 

0 

0 

0 

poor 

19 

8 

0 

0 

0 

poor 

23 

7 

0 

0 

0 

good 

17 

7 

0 

0 

0 

poor 

20 

2 

0 

0 

0 

poor 

24 

7 

0 

0 

0 

poor 

18 

6 

0 

0 

0 

poor 

21 

8 

0 

0 

0 

fair 

25 

6 

0 

0 

0 

fair 

19 

6 

0 

0 

0 

fair 

22 

8 

0 

0 

0 

fair 

27 

3 

0 

0 

0 

fair 

20 

2 

0 

0 

0 

poor 

23 

8 

0 

0 

0 

fair 

28 

7 

0 

0 

0 

fair 

22 

7 

0 

0 

0 

poor 

26 

4 

0 

0 

0 

good 

29 

6 

1 

20 

0 

good 

23 

7 

0 

0 

0 

poor 

27 

2 

0 

0 

0 

poor 

30 

9 

1 

14 

0 

poor 

24 
25 

3 

7 

0 
0 

0 

0 

0 
0 

poor 
fair 

Mar.    2- 

9 

0 

0 

0 

fair 

M.iy    1 

7 

1 

6 

0 

poor 

26 

7 

0 

0 

0 

fair 

3 

8 

10 

1 

gt)od 

2 

8 

0 

0 

0 

fair 

27 

7 

0 

0 

0 

fair 

4 

9 

13 

1~ 

fair 

3 

8 

0 

0 

1 

good 

28 

I 

0 

0 

0 

fair 

5 

9 

6 

0 

fair 

4 

9 

0 

0 

0 

bad 

29 

7 

0 

0 

0 

fair 

6 

1 

8 

0 

poor 

5 

7 

0 

0 

0 

fair 

30 

7 

0 

0 

0 

fair 

7 

9 

11 

0 

fair 

7 

7 

0 

0 

0 

fair 

8 

10 

19 

0 

fair 

8 

1 

0 

0 

0 

poor 

N°  222. 


THE     ASTRONOMICAL    JOURNAL. 


45 


SUN-SPOT   OBSERYATIOXS, 

M.U)E   AT   THE   UAVERFORD   COLLEGE   OBSERVATOKV,    WITH   THE  8-INCn   EQfATOnUL, 

By  F.  p.  LEAVENWORTH. 
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EPHEMERIS   OF   COME'l'  a  1S!K).  (Hhooks.  m,„ci,  ?.'»), 

Hv  W.  W.  C.\Ml'lU-:i.I.. 
From  an  observation  madi-  by  Mi'.  15aksaui>,  on  July  2.  1   The  following  i-ontinnation  of  the  oi>hemeris  will  therefore 
the  correction  to  my  ephemeris  of  Comet  ti  1890  {Aslr.  Jour.      approximately  roprosont  tlio  path  of  the  comet, 
no.  218),  was  found  to  be  :    cos  8-,]u  =  4'.5  ,  Jd  =  +38".  | 
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SOLAE    OBSERVATIONS    AT    SHATTUCK    OBSERVATORY,    JAXUARY 

JULY   1890, 

By  EDWIN  B.  FROST. 
I.     Observations  of  Spots. 
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0 

0 

C 

(10  15) 
(14     0  1 

21 

15  40 

0 

0 

0 

0 

0 

C 

16 

0 

0 

0 

0 

3 

C 

22 

11     0 

0 

0 

0 

0 

0 

C 

17 

10  40 

0 

0 

0 

0 

3 

C 

24 

k;    0 

1 

1 

1 

1 

1 

c 

18 

10   15 

0 

0 

0 

0 

1 

c     , 

•>r, 

11      0 

0 

0 

0 

0 

1 

c 

19 

14   15 

0 

0 

0 

0 

0 

c     , 

2(i 

11      0 

0 

0 

0 

0 

_ 

KK 

(11   30  \ 
(16     0  1 

'^S 

(  10   20 

1 

1 

1 

1 

0 

K 

20 

0 

0 

0 

0 

0 

C 

(17   15 

1 

2 

0 

1 

0 

C 

21 

11     0 

0 

0 

0 

0 

2 

C 

2!) 

14  35 

1 

'.) 

0 

8 

0 

C 

22 

10     0 

0 

0 

0 

0 

1 

0 

30 

14   10 

2 

7 

0 

0 

1 

C 

23 

17     0 

0 

0 

0 

0 

2 

K 

24 

11  30 

0 

0 

0 

0 

0 

C 

Mav     2 

12  45 

0 

0 

0 

0 

5 

c 

25 

16  30 

0 

0 

0 

0 

1 

C 

3 

12  20 

0 

0 

0 

0 

1 

C 

26 

9     0 

0 

0 

0 

0 

2 

CK 

.i 

18  10 

0 

0 

0 

0 

- 

KK 

27 

10  15 

0 

0 

0 

0 

2 

C 

7 

12     0 

2 

2 

2 

2 

1 

CK 

(11     0) 
i\i    o| 

8 

15  45 

1 

2 

0 

1 

1 

K 

28 

0 

0 

0 

0 

2 

C 

I) 

12   15 

1 

9 

0 

7 

2 

C 

29 

10     0 

0 

0 

0 

0 

2 

C 

11 

10  15 

2 

12 

1 

3 

3 

C 

30 

11     0 

0 

0 

0 

0 

1 

C 

12 
13 

!)  30 
15  45 

1 

1 

8 
2 

0 
0 

0 
0 

3 

CK 
K 

126  days 

58 

169 

19 

72 

156 

Clear. 


K  =  Cloud  V. 


H  =  Hazv. 


Those  observations  are  in  continuation  of  tl\ose  published  in  no. 
212  of  tliis  Journal. 

Tlie  hours  are  expressed  in  Eastern  Standard  Civil  Time  (Grcen- 
nicli  niinvis  .3''),  rccl<oned  from  mean  midnight.      - 

'I'lie  instrument  and  tlie  methods  of  observation  are  the  same  as 
lierctofore.  Tlie  totals  of  new  groups  and  new  spots  for  the  last 
six  months  of  18S9  arc  !.">  and  70,  showing  a  slijjht  Increase  of  ac- 
tivity in  1890,  altliougU  there  has  been  a  distinct  lull  since  June  11, 


winch  has  just  now  been  ended  by  tlio  appearance  by  rotation  of  a 
tine  group  of  8  spots  on  July  4-."i. 

The  pcrcentaite  of  days  without  spots  to  the  number  of  days  of 
observations  is  (W:   for  the  previous  six  months  it  was  57. 

Conspicuous  veiled  spot^  have  been  observed  as  follows :  Feb. 
22,  1 ;  20,  3;  April  H,  1  :  19.  1 ;  May  .1,  3:  U,  1 :  I."..  1  :  June  2,  1 ; 
3,  3;  19,  a  group.  Tlie  observations  on  Jan.  7  ami  14,  and  .Vpril  5, 
6  and  8,  were  nmde  by  Student  J.  H.  ruocT»>ii. 
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II.     Helioobaphic  Latitude 

AND  Longitude  of  the  Chie 

V  Spot 

OF  Each  Obsekved  Guoup. 

Group  No. 

No.  Sps. 
in  Group 

1890 

E.S.C.T. 

X 

I 

Group  No. 

No.  Sps 
in  Group 

1890 

E.S.C.T. 

X 

I 

0 

1 

Dec.  31,  1889 

h        in 

14     0 

—  8.8 

343.0 

8  =  7 

1 

Apr.  28 

12  30 

+  2.i!2 

235?7 

1 

3 

Jan.     9 

7     0 

—28.9 

285.2 

8a 

^ 

30 

12  00 

+  20.8 

230.7 

2 

2 

17 

12  20 

+  22.9 

153.3 

86 

+  25.2 

236.9 

2 

5 

18 

12  45 

+  22.8 

154.4 

11 

1 

May     7 

13  30 

—  8.2 

101.2 

2a 

4 

21 

12  30 

+  22.5 

152.0 

10 

1 

—28.2 

48.1 

•2b 

+  23.4 

103. 0 

lOfi 

9 

9 

13  30 

—26.4 

55.8 

3 

3 

May    4 

15  35 

+  32.5 

194.9 

106 

—28.4 

51.4 

3 

3 

5 

14     0 

+  32.5 

193.G 

]li( 

3 

11 

14   15 

+  23.7 

135.7 

3 

4 

7 

14     0 

+  32.6 

19 1.--' 

116 

+  20.9 

138.7 

3« 

.^ 

8 

14     0 

+  33.0 

194.3 

)2 

1 

14     0 

+  20.5 

295.9 

36 

+  32.4 

195.3 

13 

3 

—34.2 

8.2 

3a 
3b 

3 

9 

12  30 

+  33.3 
+  31.8 

192.0 
192.8 

12 

13 

1 
5 

18 

12  40 

+  19.8 
—33.7 

296.0 
8.4 

3a 

4 

10 

12   15 

+  33.7 

191.7 

14 

2 

25 

10     0 

+  24 

253 

36 

+  31.7 

192.7 

l.-) 

1 

30 

9  30 

+  24.5 

248.8 

4 

9 

Apr.  11 

14   15 

+  25.7 

136.9 

16 

1 

June    1 

10  20 

+  21.6 

134.9 

5 

0 

—25.1 

106.8 

17 

1 

3 

16  30 

+    7 

196 

4 

3 

12 

14  20 

+  25.7 

137.1 

18 

5 

5 

14  35 

—  25.5 

129.5 

5 

3 

—25.5 

103.4 

18 

6 

( 

11    15 

—24.6 

132.1 

6  =  5 

4 

15 

12  30 

—26.9 

101.6 

19 

2 

10 

14   20 

—26.7 

2.7 

7 

1 

24 

17  25 

-^-23.1 

239.8 

The  mean  latitude  of  the  11  northern  j^roups  is  +22°. 7;  that  of 
the  9  southern  groups  is  — 23*^.6. 

The  activity  lias  been  nearly  equal  in  the  two  hemispheres.  This 
is  in  marked  contrast  to  the  condition  in  the  last  six  months  of 
1889,  and  indicates  a  considerable  transfer  of  activity  to  the  north- 
ern hemisphere.  Group  No.  0  is  No.  27  of  1889,  and  is  properly  in- 
cluded in  the  table,  as  it  was  observed  on  Jan.  2  and  3.  It  is  not, 
however,  Included  in  the  list  of  now  groups.  For  the  coordinates 
of  Group  No.  1,  I  am  indebted  to  the  great  kindness  of  Mr.  Maun- 
i)i;i!  of  the  Royal  Observatory,  Greenwich.  I  have  useil  the  means 
of  the  position  of  tlic  three  umbrae  measured  on  the  Greenwich 
photograph. 

The  positions  of  the  minute  groups  14  and  17,  I  obtained  from 
measurements  on  the  projected  diagram,  instead  of  the  usual  C.\r- 
itiNGTON's  method.  The  positions  are  therefore  less  accurate  than 
the  others  in  llie  list. 


The  table  shows  several  cases  of  intermittent  activity.  Group  5 
was  invisible  on  April  14  (sky  clear),  but  appeared  witii  4  spots  on 
April  1.5  as  Group  6.  Group  7  was  first  seen  late  in  the  afternoon  of 
April  24,  but  was  invisible  on  the  following  day  (sky  clear),  though 
the  group  of  faculae  which  had  included  the  spot  remained.  It 
was  not  seen  on  tlie  2Gth  (sky  cloudv),  but  reappeared  on  the 
28th  as  Group  No.  8. 

Group  4  died  out  on  April  14;  nearly  a  month  later  Group  11 
broke  out  in  the  same  place,  and  was  absorbed  in  the  surrounding 
faculae  on  the  day  following,  May  13.  On  June  1,  Group  IG  de- 
veloped in  the  same  locality. 

Group  14  was  first  seen  on  May  2.5,  and  was  suspected  on  the 
27th ;  it  could  not  be  seen  on  the  2'8th  or  29th,  but  was  replaced  Ijy 
Group  15  on  May  30. 


III.     Spectkoscopic  Observations. 


1S90 

No.  of  davs 
o/  Obseiv'ns 

No.  of  Proni- 

No.  of  Prom, 
per  Observat'n 

January 

February 

March 

April 

May 

June 

5 
10 

5 
16 
11 

8 

9 
31 

27 
58 
35 
29 

1.8 
3.1 
.-).4 
3.6 
3.2 
3.6 

55 

189 

3.5 

July-Dec.  1889 

44 

75 

1.7 

Prominences  less  than  20"  in  height  are  not  included. 

I  have  added  for  comparison   the  totals   for  the  previous   six 

Dartmouth  College,  Hanover,  N.H.,  1890  July  7. 


months  in  1889.    It  thus  appears  that  the  revival  of  activity  is  more 
marked  in  the  case  of  prominences  than  in  that  of  spots. 
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POSITIOXS   OF   COMPARISON-STARS  DETERMINED  AT  ALBANY. 


Bv  LEWIS  BOSS. 


Early  in  1887,  the  writer  Lad  formed  the  intention  of  coni- 
piitiug  accnrate  elements  of  the  periodic  comet  of  Finlay 
(188G  VII)  from  all  observations  which  might  become  avail- 
able. It  was  then  decided,  as  the  basis  of  the  work,  to 
determine  witli  the  meridian-circle  the  places  of  all  com- 
parison-stars for  this  comet,  for  wliicii  accnrate  positions  at 
the  present  epoch  conld  not  readily  be  derived  from  then 
existing  star-catalogues.  The  subjoined  list  contains  the 
positions  of  stars  observed  at  the  Dudley  Observatory  in 
accordance  with  this  program.  It  probably  does  not  contain 
tlie  places  of  all  the  comparison-stars  in  question  which  re- 
quire redetermination,  because,  when  the  list  was  prepared, 
not  all  the  observations  of  the  comet  had  been  published. 
A  few  numbers  have  crept  into  the  list,  the  places  of  wliich 
migiit  have  been  derived  with  all  needful  accuracy  from 
existing  material ;  but  it  was  deemed  best  to  err  on  the  side 
of  [)rofusion  of  material  rather  than  in  the  opposite  direction. 
A  few  of  tlie  companion  stars  proved  to  be  too  faint  to  per- 
mit of  accnrate  determination  with  the  Olcott  Meridian- 
Circle,  and  it  was  designed  to  obtain  places  for  these 
through  micrometer-comparisons  with  the  equatorial.  Star- 
positions,  determined  especially  to  facilitate  this  work, 
appear  in  tlie  list  below. 

Wliile  the  Fixlay  comet  had  a  physical  aspect  which  did 
not  permit  of  extremely  accurate  determinations  of  position, 
tliere  is  some  reason  to  suppose  tliat  lack  of  accuracy  in 
individual  observations,  would,  in  a  large  degree,  be  compen- 
sated for  by  their  nuiitiplicity  ;  and  while  it  is  quite  probable 
that  tlie  systematic  errors  of  observation  to  be  apprehended 
might  amount  to  sensible  quantities,  and  also  be  variable  in 
direction  and  magnitude  at  different  periods  of  the  comet's 
visibility,  yet  it  seemed  very  desirable  that  such  errors  should 
be  complicated  as  little  as  possible  with  further  errors  in  the 
star-positions,  either  of  an  individual  or  systematic  charac- 
ter. In  the  course  of  its  apparition  the  comet  passed  from 
— 27°  to  +'2a°  of  declination,  and,  therefore,  across  the 
region  where  there  is  likely  to  be  least  systematic  homo- 
geneity among  the  results  of  meridian  observations. 

The  oliservations,  the  results  of  which  are  here  presented, 


were  strictly  differential  in  character.  The  errors  of  the 
instrument  both  in  right-asceusion  and  declination  were  de- 
rived from  tlie  observation  of  stars,  the  positions  of  which 
are  contained  in  the  American  Ephemeris.  These  were  sup- 
plemented, however,  by  the  addition  of  other  standard  star- 
positions  reduced  to  systematic  conformity  with  those  of 
this  Ephemeris. 

The  observations  for  the  positions  of  all  stars  from  K""  to 
23''  were  made  by  Assistant  H.  V.  Egbekt  alone.  For 
nearly  all  the  remaining  stars,  the  transits  were  observed  by 
the  writer,  and  the  circle  was  read  by  Egbert.  For  the  com- 
parison-stars, five  wires  were  observed  for  transit,  and  two  op- 
posite microscopes  were  read  for  zenith-distance.  Rarely  were 
more  than  four  standard  stars  observed  iu  any  one  evening, 
and  these  were  taken  as  nearly  as  possible  on  the  parallel  of 
the  comparatively  narrow  zone  of  stars  to  be  determined  on 
any  given  occasion.  The  result  has  probably  been  close 
systematic  accordance  with  the  adopted  standard  star- 
positions,  and,  at  the  same  time,  a  somewhat  larger  casual 
error  of  observation  than  might  have  been  attained  if  more 
standard  stars  had  been  observed  on  each  evening. 

The  probable  error  of  observation  has  been  derived  from 
the  comparison  of  pairs  of  observations.  There  were  177 
such  pairs  available  for  the  |>urpose.  The  mean  discrepancy 
between  two  successive  observations  in  right-ascension  was 
O'.069,  and  in  declination,  0".85.  These  quantities  give  for 
the  probaT)lc  error  of  one  observation,  ±0'.041  in  right- 
ascension,  and  ±0".ol  in  declination.  Taking  the  observa- 
tions in  groups  we  have  for  the  probable  errors  of  a  single 
determination  : 

57  pairs  between  —26  and  —20,  ±0.036  and  ±0.58; 
75  pairs  between  —20  and  0,  ±0.040  and  ±0.45  ; 
45  pairs  between  +   5  and  +24,  ±0.050  and  ±0.53. 

The  exclusion  of  a  half  dozen  large  discrepancies,  princi- 
pally occurring  in  the  observation  of  faint  stars,  would  very 
materially  have  reduced  these  probable  errors.  In  each  case 
where  such  discrepancies  occur  the  star  has  been  observed 
three  or  more  times. 
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The  magnitudes  contained  in  the  following  list  have  been 
taken  from  the  authorities  cited  in  tiie  second  column,  ex- 
cejil  in  those  cases  where  an  asterisk  is  appended.  The 
quantities  so  designated  are  tlie  I'esiiUs  of  esliniatus  made 
during  oliservation  bv  tlie  writer. 

It  may  l)e  proper  to  mention  hero  tliat  M.  Sciiri.iioi-  of  the 


Bureau  of  Longitudes,  Paris,  has  undertaken,  for  special 
reasons,  the  computation  of  definitive  elements  for  the  i)eri- 
odie  comet  of  Fini.av  witli  the  cordial  concurrence  of  the 
writer,  thus  relieving  the  latter  of  any  resi)ousil)ility  wliicii 
he  may  liave  hitherto  assumed  in  the  matter. 


Cat^vlogue  of  Mea:n  Places  for  1887.0. 


Number 

Gould's  Z.  or  DM.  no. 

Magrn. 

No.  Obs. 

Epoch 

o  1887.0 

Prec. 

<J  1887.0 

I'rec. 

1 

C.Z.  872 

7 

1 

87.63 

17  13  29.67 

+  3!7234 

—26  25  56.1 

—  4.041 

2 

C.Z.  927 

8.2 

2 

87.62 

14  23.68 

3.7207 

—2(1  19  11.9 

3.964 

3 

C.Z.  1005 

8 

1 

87.63 

15  22.29 

3.7151 

—  26  6  5.6 

3.880 

4 

C.Z.  1130 

8.5 

2 

87.62 

21  47. -17 

3.7336 

— 26  37  59.5 

3.328 

5 

C.Z.  l.si;3 

8.5 

2 

87.62 

27  43.60 

3.7366 

—26  39  38.6 

2.816 

6 

1 

87.65 

38  37.56 

3.7390 

—26  36  3.1 

1.868 

7 

2 

87.65 

54  43.56 

3.7424 

—26  37  19.4 

0.462 

8 

C.Z.  3839 

8 

1 

87.69 

57  26.37 

3.7493 

—26  51  8.6 

0.224 

U 

C.Z.  3977 

8.5 

2 

87.62 

59  13.20 

3.7477 

—26  47  50.1 

—  0.068 

10 

3 

87.66 

18  4  14.48 

3.7137 

—26  39  58.8 

+  0.371 

11 

C.Z.  .512 

9.5 

2 

87.65 

8  40.95 

3.7369 

—26  26  41.2 

0.759 

12 

5 

87.65 

12  2.56 

3.7459 

—26  46  52.4 

1 .053 

13 

2 

87.67 

12  2.91 

3.7462 

—26  46  45.3 

1.054 

1-1 

C.Z.  1071 

'.) 

2 

87.62 

17  37.52 

3.7385 

—26  33  2.4 

1.541 

15 

C.Z.  1501 

8.5 

3 

87.66 

25  11.54 

3.7371 

—26  34  18.1 

2.200 

16 

C.Z.  1543 

9 

2 

87.69 

26  3.98 

3.7280 

—26  16  4.5 

2.276 

17 

2 

87.66 

34  47.65 

3.7285 

—26  24  0.5 

3.033 

18 

1 

87.65 

35  1.14 

3.7263 

—26  18  43.4 

3.053 

19 

C.Z.  206(5 

9 

2 

87.69 

36  42.01 

3.7256 

—26  19  44.6 

3.198 

20 

1 

87.68 

40  4.91 

3.7242 

—26  20  12.4 

3.489 

21 

3 

87.66 

40  10.43 

3.7240 

—26  19  58.9 

3.497 

22 

C.Z.  2438 

9.5 

3 

87.66 

44  11.87 

3.7166 

—26  8  54.7 

3.843 

23 

2 

87.69 

48  48.82 

3.7120 

—26  4  38.2 

4.239 

24 

C.Z.  2860 

9.5 

3 

87.66 

53  51.44 

3.7028 

—25  52  1.7 

4.669 

25 

C.Z.  2870 

9.5 

3 

87.66 

54  1.22 

3.7031 

—25  52  44.9 

4.684 

26 

C.Z.  451 

9 

2 

87.70 

19  11  7.52 

3.6735 

—25  16  21.3 

6.124 

27 

C.Z.  460 

9.5 

2 

87.70 

11  22.77 

3.6732 

—25  n;  16.1 

6.145 

28 

C.Z.  1801 

9 

2 

87.70 

43  37.02 

3.6052 

—23  .-.;;  33.3 

8.761 

29 

2 

87.71 

48  10.36 

3.6012 

—23  56  40.4 

9.117 

30 

C.Z.  2102 

9.2 

2 

87.71 

51  52.52 

3.5976 

—23  58  40.3 

9.405 

31 

C.Z.  2303 

8.7 

3 

87.73 

57  18.80 

3.5803 

—23  32  29.3 

9.823 

32 

1 

87.71 

20  2  6.59 

3.5617 

—23  1  0.4 

10.186 

33 

2 

87.71 

2  7.74 

3.5618 

—23  1  14.9 

10.188 

34 

C.Z.   72 

9 

3 

87.74 

2  37.73 

3.5654 

—23  12  3.1 

10.225 

35 

2 

87.71 

5  27.26 

3.5558 

—22  56  49.6 

10.437 

36 

2 

87.73 

6  35.28 

3.5564 

—23  2  9.1 

10.521 

37 

C.Z.  231 

9 

2 

•87.78 

7  32.87 

3.5594 

—23  13  10.8 

10.593 

38 

2 

87.71 

8  29.08 

3.5516 

—22  56  5.3 

10.662 

39 

DM.  — 22°5385 

7.8 

2 

87.73 

11  27.05 

3.5341 

—22  20  48.8 

10.8S1 

40 

DM.  —22  5389 

8.5 

2 

87.71 

12  33.20 

3.5357 

—22  28  45.0 

10.962 

41 

DM.  —22  5402 

9.3 

2 

87.73 

15  5.12 

3.5296 

—22  21  38.6 

11.147 

42 

DM.  —22  5419 

8.1 

2 

87.71 

17  43.56 

3.5272 

—22  24  46.0 

11.338 

43 

DM.  —21  5717 

8.7 

2 

87.78 

18  53.66 

3.5140 

—21  51  6.7 

11.423 

44 

DM.  —22  5425 

8.6 

2 

87.73 

18  56.53 

3.5170 

—22  1  38.2 

11.426 

45' 

DM.  —22  5435 

8.0 

2 

87.73 

21  28.00 

3.5217 

—22  23  38.1 

11.607 

46 

DM.  —21  5737  -. 

9-.b 

2 

87.71 

23  28.11 

3.5021 

— 21  37  57.5 

11.749 

47 

DM.  —21  5767 

8.8 

2 

87.71 

29  47.38 

3.4878 

—21  22  6.1 

12.193 

48 

DM.  —21  5775 

9.7 

2 

87.73 

30  44.54 

3.4892 

—21  29  53.2 

12.259 

49 

DM.  —21  5784 

9.0 

2 

87.78 

32  24.46 

3.4867 

—21  29  24.1 

12.374 

50 

DM.  —21  5791 

9.1 

2 

87.71 

33  52.89 

3.4873 

—21  37  1.4 

12.475 

51 

DM.  —21  5797 

9.0 

2 

87.73 

34  59.80 

3.4771 

—21  12  44.1 

12.551 

52 

DM.  —21  5805 

8.8 

2 

87.71 

20  36  39.35 

+  3.4748 

—21  12  52.4 

+  12.664 

N°  223. 
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Number 

DM 

Number 

Magn. 

No.  Obs. 

Epoch 

a  1887.0 

Prec. 

(t  1887.0 

I'rec. 

53 

DM. 

— 21''5812 

8.3 

2 

87.80 

20  37  39.30 

+  3.4814 

—21  35  54.4 

+  12.732 

54 

DM. 

—20  6019 

9.3 

2 

87.78 

37  50.78 

3.4642 

—20  47  2.5 

12.745 

55 

DM. 

—20  6023 

9.0 

2 

87.73 

38  46.98 

3.4634 

—20  48  37.2 

12.808 

56 

DM. 

—21  5821 

9.0 

2 

87.80 

39  49.72 

3.4649 

—20  57  8.7 

12.878 

57 

DM. 

—20  6025 

9.1 

2 

87.78 

39  52.68 

3.4602 

—20  43  37.0 

12.882 

58 

DM. 

—21  5839 

8.5 

2 

87.73 

42  24.83 

3.4628 

—21  2  6.8 

13.051 

59 

DM. 

—21  5840 

8.0 

3 

87.71 

42  43.10 

3.4625 

—21  2  31.1 

13.071 

60 

DM. 

—20  6053 

'8.8 

2 

87.71 

45  30.34 

3.4429 

—20  16  0.5 

13.255 

61 

DM. 

—20  6055 

7.0 

2 

87.80 

45  48.36 

3.4385 

—20  3  57.9 

13.275 

62 

DM. 

—20  6068 

9.8 

3 

87.77 

48  35.79 

3.4408 

—20  23  4.6 

13.457 

63 

1 

87.79 

48  41.26 

3.4407 

—20  23  9.0 

13.463 

64 

DM. 

—20  6073 

9.1 

2 

87.71 

49  51.06 

3.4316 

—20  0  33.8 

13.538 

65 

DM. 

—19  5984 

9.0 

2 

87.78 

53  10.80 

3.4165 

—19  28  21.3 

13.752 

66 

DM. 

—20  6096 

8.3 

1 

87.71 

54  27.51 

3.4316 

—20  21  27.5 

13.833 

67 

DM. 

—  19  5991 

8.3 

2 

87.73 

55  1.72 

3.4117 

—19  21  32.7 

13.869 

68 

DM. 

—19  5999 

8.5 

2 

87.71 

56  41.56 

3.4170 

-19  45  43.3 

13.974 

69 

DM. 

—19  6022 

8.2 

2 

87.73 

21  0  43.34 

3.3998 

—19  9  15.0 

14.224 

70 

DM. 

—19  6026 

9.0 

3 

87.81 

1  37.99 

3.4026 

—19  22  45.4 

14.2S0 

71 

DM. 

—17  6187 

10 

1 

87.79 

1  46.45 

3.3656 

—17  21  17.1 

14.2HU 

72 

DM. 

—19  6028 

8.3 

2 

87.80 

2  26.87 

3.3978 

—19  10  58.9 

14.:i;iO 

73 

DM. 

—19  6038 

8.7 

3 

87.82 

3  59.98 

3.3907 

—18  55  0.7 

14.425  ; 

74 

DM. 

—18  5875 

8.0 

2 

87.78 

4  10.42 

3.3882 

—18  47  22.2 

14.436  1 

75 

DM. 

—18  5891 

8.3 

2 

87.71 

8  10.64 

3.3750 

—18  22  19.4 

14.677  1 

76 

DM. 

—18  5910 

9.5 

2 

87.71 

13  26.39 

3.3630 

—18  6  40.5 

14.9.S7 

77 

DM. 

—18  5919 

9.4 

2 

87.71 

16  16.47 

3.3581 

—18  3  38.1 

15.150 

78 

DM. 

—  17  6272 

8.5 

2 

87.75 

20  27.70 

3.3470 

—17  45  25.4 

15.388 

79 

DM. 

—  17  6297 

9.0 

2 

87.71 

23  51.33 

3.3332 

—17  12  14.3 

15.576 

80 

DM. 

—  16  5885 

7.2 

2 

87.71 

27  25.62 

3.3202 

—16  41  51.7 

15.771 

81 

DM. 

—  17  6312 

9.0 

1 

87.79 

28  12.25 

3.3277 

—17  14  50.4 

15..S13 

82 

1 

87.79 

28  15.17 

3.3276 

—17  14  49.2 

15.816 

83 

DM. 

—17  6313 

9.1 

3 

87.79 

28  25.40 

3.3273 

—17  14  29.1 

15.825  i 

84 

DM. 

—17  6314 

8.5 

3 

87.83 

28  25.59 

3.3239 

—17  1  30.0 

15.825 

85 

DM. 

—17  6315 

8.9 

2 

87.75 

28  33.04 

3.3270 

—17  14  0.4 

15.832 

86 

DM. 

—16  5889 

8.7 

2 

87.82 

28  58.84 

3.3191 

—16  46  2.8 

15.855 

87 

DM. 

—17  6318 

8.5 

2 

87.71 

29  30.31 

3.3245 

—17  9  30.6 

15.983 

88 

DM. 

—16  5924 

8.0 

2 

87.78 

36  20.92 

3.3014 

—16  16  32.1 

16.241 

89 

DM. 

—15  6058 

8.5 

3 

87.83 

39  37.46 

3.2878 

—15  39  6.9 

16.408 

90 

DM. 

—15  6060 

9.0 

2 

87.75 

39  58.50 

3.2889 

—15  45  46  2 

16.425 

91 

DM. 

—15  6065 

7.7 

2 

87.80 

41  0.47 

3.2771 

—15  2  5.2 

16.477 

92 

DM. 

—15  6064 

8.5 

2 

87.83 

41  1.16 

3.2796 

—15  12  18.2 

16.478 

93 

DM. 

—15  6075 

7.5 

2 

87.75 

43  2.34 

3.2831 

—15  38  43.7 

16.578 

94 

DM. 

—15  6090 

8.8 

2 

87.84 

48  33.92 

3.2684 

—15  7  6.2 

16.845 

95 

DM. 

—14  6163 

7.8 

2 

87.80 

49  59.92 

3.2592 

—14  34  14.0 

16.913 

96 

DM. 

—  14  6181 

8.8 

5 

87.82 

53  31.76 

3.2468 

—13  58  11.7 

17.077 

97 

DM. 

—14  6187 

7.5 

2 

87.81 

54  30.71 

3.2551 

—14  42  20.2 

17.122 

98 

DM. 

—13  6136 

9.0 

3 

87.83 

22  7  44.89 

3.2207 

—13  15  32.9 

17.696 

99 

DM. 

—  12  6230 

9.4 

3-4 

87.84 

11  30.54 

3.2074 

—12  28  52.7 

17.848 

100 

DM. 

—12  6235 

9.3 

2 

87.83 

12  33.78 

3.2081 

—12  30  26.4 

17.890 

101 

DM. 

—12  6236 

8.0 

2 

87.84 

12  54.22 

3.2018 

—12  7  21.9 

17.903 

102 

DM. 

—11  5821 

8.3 

2 

87.83 

17  56.37 

3.1892 

—11  27  22.1 

18.198 

103 

DM. 

—11  5864 

8.3 

2 

87.84 

27  42.85 

3.17.")3 

—11  6  8.9 

18.449 

104 

DM. 

—11  5865 

9.5 

2 

87.83 

27  47.87 

3.1736 

—10  56  16.9 

18.452 

105 

DM. 

—10  59.59 

9.9 

2 

89.80 

32  3.41 

3.1645 

—10  25  10.4 

18.595 

106 

DM. 

—10  5965 

9.1 

2 

87.83 

33  31.37 

3.1609 

—10  10  27.0 

18.643 

107 

DM. 

—  9  6037 

8.5 

3 

87.83 

37  4.02 

3.1538 

—  9  44  41.0 

18.755 

108 

DJI. 

—  9  6043 

9.0 

3 

87.85 

38  18.03 

3.1515 

—  9  36  52.6 

18.792 

109 

DM. 

—  9  6044 

9.2 

3 

87.87 

38  19.84 

3.1518 

—  9  39  21.4 

18.793 

no 

DM. 

—  9  6045 

9.4 

3- 

87.86 

38  33.55 

3.1470 

—  9  5  56.8 

18.800 

111 

DM. 

—  9  6053 

10 

3 

87.84 

40  25.57 

3.1444 

—  8  59  1.6 

18.857 

112 

DM. 

—  9  6060 

9.5 

1 

87.85 

42  12.66 

3.1452 

—  9  16  37.6 

18.909 

113 

DM. 

—  9  6061 

9.5 

2 

87.87 

42  24.83 

3.1442 

—  9  10  54.4 

18.915 

114 

DM. 

—  8  5952 

8.0 

2 

87.84 

22  42  28.12 

+  3.1404 

—  8  42  30.7 

+  18.917 

T  II  E     A  8  T  K  O  N  O  M  1  C  A  L     J  U  U  K  N  A  L  , 
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Number 

DM.  Number 

Magu. 

No.  Obs. 

Epoch 

a  1887.0 

Prec. 

(I  1887.0 

Vrec. 

11.') 

DM.  -    9''6063 

9.1 

2 

87.83 

22"43"'  0.'l2 

+  3*.  14  05 

—  9  32  19.9 

.     +18.932 

110 

DM.  —  8  5980 

8.7 

2 

87.83 

49  52.30 

3.1321 

—  8  25  24.6 

19.122 

117 

DM.  -   8  5996 

8.7 

3 

87.83 

53  48.40 

3.1200 

—  7  59  59.8 

19.222 

11« 

DAI.  —  7  5907 

9.4 

4 

87.86 

54  45.90 

3.1210 

—  7  4K  33.8 

19.246 

11!) 

DM.  —  7  5910 

6.8 

2 

87.84 

55  31.31 

3.1224 

—  7  40     3.4 

19.265 

120 

D.M.  —  7  5925 

8.0 

1 

87.82 

58  31.14 

3.1178 

—  7   17  52.2 

19.330 

121 

DM.  —  6  6140 

8.8 

2 

87.84 

58  36.26 

3.1140 

—  6  47  15.4 

19.338 

122 

DM.  —  6  6105 

9.5 

4 

87.90 

23     7     5.89 

3.1051 

—  6     5     6.1 

19.521 

123 

DM.  —  6  6167 

9.1 

2 

87.84 

7  33.32 

3.1008 

—  6  27  56.0 

19.530 

124 

DM.  —  6  6175 

9.5* 

4 

87.89 

9  33.27 

3.1039 

—  0     9   11.0 

19.569 

125 

DM.  —  4  5868 

6.5 

2 

87.95 

14  24.34 

3  0934 

—  4  32     2.7 

19.058 

126 

DM.  —  5  5977 

9.2 

2 

87.83 

16  55.30 

3.0942 

—  4  58     2.0 

19.700 

127 

DM.  —  4  5880 

9.7 

1 

87.88 

17  36.34 

3.0926 

—  4  44  59.7 

19.711 

128 

DM.  —  5  5986 

9.2 

3 

87.87 

19  24.58 

3.0938 

—  5   li    11.0 

19.739 

129 

3 

88.50 

23  21.18 

3.0828 

—  2  47  22.5 

19.797 

130 

DM.  —  4  5890 

8.5 

4-3 

88.88 

23  33.29 

3.0881 

—  4  13     3.8 

19.800 

131 

DM.  —  4  5891 

8.8* 

2 

87.94 

24  23. .15 

3.0867 

—  3  56  43.0 

19.811 

132 

DM.  —  4  5897 

8.8 

3 

88.51 

25  43.00 

3.0864 

—  3  59  47.1 

19.829 

133 

DM.  —  3  5654 

9.4 

2 

87.83 

20  53.55 

3.0850 

—  3  44     2.6 

19.844 

134 

DM.  —  3  5661 

7.7 

2 

87.94 

27  53.23 

3.0818 

—  2  52     4.1 

19.857 

135 

DM.  —  4  5907 

9.. 5* 

2 

87.93 

28   14.36 

3.0850 

—  3  .53  13.6 

19.861 

136 

DM.  —  4  5913 

8.9 

2 

87.87 

29  37.57 

3.0850 

—  4     3  51.5 

19.877 

137 

Dai.  —  3  5669 

8.0 

2 

87.83 

30  50.52 

3.0826 

—  3  35  12.0 

19.892 

138 

9.0* 

1 

87.93 

33  29.31 

3.0800 

—  2  48     8.5 

19.919 

139 

DM.  —  2  0007 

8.6* 

2 

87.93 

33  35.43 

3.0799 

—  2  46  50.0 

19.920 

140 

DM.  —  2  6021 

8.3 

3 

87.84 

30  33.72 

3.0775 

—  2     7  37.0 

19.948 

141 

DM.  —  2  6040 

9.5 

3-4 

88.34 

42   13.39 

3.0759 

—  1   54   18.0 

19.993 

142 

DM.  —  1  4506 

9.0 

2 

87.83 

51     2.40 

3.0733 

—  1     .s  22.4 

20.038 

143 

DM.  +  4      95 

8.8* 

1 

87.95 

0  36  25.07 

3.0912 

+54   23.4 

19.801 

144 

DM.  +   4    102 

9.1* 

2 

87.95 

37  30.41 

3.0920 

+   5     7   19.0 

19.785 

145 

DM.  +   5     102 

7.7* 

2 

87.94 

40   15.78 

3.0949 

+   5  28  14.2 

19.745 

146 

DM.  +   5     109 

7.6* 

2 

87.94 

43  49.52 

3.0982 

+   5  47  20.4 

19.688 

147 

DM.  +   5     113 

9.8* 

2 

87.94 

45     2.40 

3.0976 

+   5  29  25.6 

19.667 

148 

DM.  +   6     125 

10.0* 

2 

87.94 

50  48.32 

3.1053 

+   0  22  23.7 

19.562 

149 

DM.  +   6     147 

7.9* 

2 

87.94 

56  57.09 

3.1122 

+   0  53  33.3 

19.437 

150 

DM.  +    7    150 

9.2* 

2 

87.94 

58     1.55 

3.1155 

+    7   19  48.8 

19.414 

151 

DM.  +    7    162 

8.0* 

2 

87.94 

59   19.12 

3.1162 

+    7   10     5.4 

19.389 

152 

DM.  +    7    177 

9.0* 

2 

87.94 

1     3  29.91 

3.1239 

+   80  37.0 

19.288 

153 

DM.  +   8     184 

9.2* 

2 

87.94 

5  48.69 

3.1290 

+  8  29  22.8 

19.2S2 

154 

DM.  +   7    183 

9.0* 

2 

87.96 

6  14.10 

3.1240 

+   7  42  30.1 

19.221 

155 

DM.  +    7    184 

8.8* 

2 

87.94 

6  26.94 

3.1257 

+   7  56     2.5 

19.216 

156 

DM.  +   8     187 

8.2 

2 

87.94 

7  47.51 

3.1298 

+   8  22  31  5 

19.182 

157 

DM.  +   8    200 

8.4* 

2 

87.94 

10  34.25 

3.1369 

+   9     1  45.7 

19.110 

158 

DM.  +  8    209 

8.3* 

4 

88.87 

14  27.70 

3.1395 

+   8  55  52.4 

19.004 

159 

DM.  +   8    216 

8.1* 

2 

87.96 

15  48.22 

3.1421 

+   96  47.8 

18.966 

160 

DM.  +   9     172 

8.0* 

2 

87.90 

23     8.09 

3.1548 

+   9  50  48.4 

18.748 

161 

DJI.  +10    200 

9.5* 

3 

88.50 

26  25.58 

3.1658 

+  10  44  27.5 

18.644 

162 

DM.  +10    202 

8.8* 

2 

87.90 

27  20.04 

3.1639 

+  10  24   10.0 

18.611 

163 

DM.  +10    210 

9.7* 

2 

87.90 

30  38.04 

3.1706 

+  10  47  10.9 

18.505 

164 

DM.  +10    221 

8.5* 

2 

87.96 

34  55.42 

3.1743 

+  10  43     3.0 

18.358 

165 

DM.  +12    223 

8.4* 

3 

88.50 

38  20.45 

3.1934 

+  12  15  49.8 

18.235 

166 

DM.  +11     228 

8.8* 

2 

87.90 

38  40.78 

3.1902 

+  11  55     3.5 

18.223 

167 

DM.  +11     231 

8.6* 

2 

87.96 

40  37.10 

3.1917 

+  11   50  52.1 

18.151 

168. 

9.2* 

3 

88.58 

42  41.93 

3.1995 

+  12  22  12.7 

18.073 

169 

DM.  +11     237 

9.0* 

3-4 

88.88 

43  15.02 

3.1906 

+  12     1  54.5 

18.052 

170 

DM.  +12    242  - 

9.9* 

2 

87.90 

44  50.73 

3.2018 

+  12  20  53.5 

17.987 

171 

DM.  +12    245 

9.4* 

3 

88.59 

45  47.00 

3.2068 

+  12  42  43.3 

17.954 

172 

DM.  +13    296 

7.S* 

2 

87.90 

48  43.00 

3.2157 

+  13  12     3.8 

17.839 

173 

DM.  +12    254 

8.3* 

2 

87.96 

50  44.58 

3.2165 

+  13     3  11.3" 

17.757 

174 

DM.  +13    351 

7.4* 

2 

87.96 

2     0  35.48 

3.2394 

+  13  23   14.2 

17.071 

175 

DM.  +17    432 

9.0* 

3 

88.59 

39  32.57 

3.3423 

+17  28     8.4 

15.387 

176 

DM.  +18    370 

8.6* 

2 

87.96     1 

2  47  25.30 

+  3.3653 

+  18  10  16.3 

+  14.936 
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Number 

DM.  Number 

Magn. 

No.  Obs. 

Epoch 

a  1887.0 

Free. 

6  1887.0 

Free. 

177 

DM. 

+  18° 

.377 

9.0* 

2 

88.00 

2  49  42.67 

+  3!3730 

+  18  25  39.8 

+  14.802 

178 

10.0* 

2 

88.02 

50  19.44 

3.3749 

+  18  29  21.1 

14.766 

179 

9.8* 

2-3 

88.60 

50  31.40 

3.3763 

+  18  32  56.7 

14.754 

180 

DM. 

+  18 

378 

9.0* 

1 

87.96 

50  43.70 

3.3782 

+  18  38  .34.1 

14.742 

181 

DM. 

+  18 

382 

8.2* 

2 

87.99 

52     0.13 

3.3824 

+  18  46  37.1 

14.666 

182 

DM. 

+  18 

391 

8.2* 

3 

87.98 

54  46.73 

3.3897 

+  18  57  17.3 

14.499 

188 

DM. 

+  19 

471 

7.5* 

2 

88.02 

3     3  18.82 

3.4133 

+  19  34  12.5 

13.973 

184 

DM. 

+  19 

479 

'8.7* 

2 

87.98 

5  27..53 

3.4205 

+  19  46  57.2 

13.838 

185 

DM. 

+  20 

541 

8.5* 

•2 

87.99 

14  29.00 

3.4423 

+  20  14  18.2 

13.256 

186 

DM. 

+  20 

581 

9.0* 

2 

87.99 

25   18.94 

3.4736 

+  21      1   22.2 

12.530 

187 

DM. 

+  20 

584 

8.9* 

1 

87.97 

25  32.53 

3.4742 

+  21     2  18.2 

12.515 

188 

DM. 

+  21 

490 

8.8* 

2 

87.99 

31   20.82 

3.4884 

+  21   20  14.3 

12.114 

189 

DM. 

+  21 

492 

8.0* 

2 

87.99 

32  37.29 

3.4934 

+  21   28  28.6 

12.025 

100 

DM. 

+  21 

676 

9.3* 

1 

88.01 

4  33  41.54 

+  3.6317 

+  24   13  10.7 

+    7.375 

ELEMENTS  AND  EPHEMERIS  OF   COMET  Z>  1890. 


By  lewis  boss. 


The  comet  discovered  by  Coggia  on  July  18  lias  been  ob- 
served by  me  at  Albany,  on  .July  22  and  27.  Elements  of 
this  comet  are  herewith  presented,  which  are  derived  from 
these  two  Albany  observatious,  combined  with  an  observa- 
tion made  at  Marseilles  on  Jnly  19. 

T  =  1890,  July  8.6486.  G.M.T. 
(■)  =  85°  53'  2G") 
g^   =  14    24    50    [  1890.0 
i  =  63    15      2    ) 
log  q  =  9.88403 
Tiie  outstanding  discrepancies  (C — O)  for  the  observation 
of  July  22  are:  JA  cos  p' ^  — 4'' ;  J(i  ^ — 16".    Tliese  differ- 
ences cannot  be  made  materially   smaller,  on  the  assump- 
tion that  tlie  orbit  is  a  parabola.     The  zenith  distance  of  tlie 
comet  at  the  Marseilles  observation  was  more  than  86°,  and 
in  the  Albany  observation  of  July  27  more  than  81°.    There- 
fore these  residuals  are,  perhaps,  no  larger  than  migiit  reason- 
ably have  been  expected  as  due  to  error  of  the  observation. 
The  brightness  at  the  Marseilles  observation  of  July  19  is 
taken  as  iinitv  in  the  following: 


ElMIKMKHI 

Gr.  M.T.  ,c 

1890  Aug.  1      lo'  17 


l-OIt    GkEENWICH    MlDXIGllT. 


0  17  46 
1(»  27  0 
10  35  36 
10  43  37 
10  51  8 
10  58  11 


+  33  6.0 
31  20.3 
29  35.6 
27  52.3 
26  10.6 
24  31.0 
22  .53.5 
21  18.4 
19  45.7 
18  15.5 
16  47.8 
15  22.6 
13  59.8 


log  r 

9.9515 
9.9611 
9.9710 
9.9810 
9  9912 
0.0014 
0.0116 
0.0218 
0.0320 
0.0422 
0.0522 
0.0622 
0.0720 


log  A 

0.2307 
0.2375 
0.2446 
0.2518 
0.2591 
0.2665 
0.2740 
0.2815 
0.2889 
0.2964 
0.3037 
0.3111 
0.3183 


Light 
0.67 

0.57 

0.49 

0.41 

0.35 

0.30 

0.26 


The  heliocentric  coordinates  referred   to  tlie  equator  of 

1890.0  are  : 

X  =  )•  [9.98900]  sin  (('+182"  29'  21") 
1/  =  >•  [9.36671]  sin  (r+164  51  54  ) 
'z  =  )•  [9.99897]  sin  (i'+   91     n.'.    24  ^ 


XOTE   OX   THE   VARIABLE   STAR    S  MOXOCENOTIS. 

By  I'.VUL  S.  YENDKI.L. 


This  star,  which  seems  to  have  been  much  neglected,  is  of 
rather  particular  interest,  as  having  the  sliortest  period  of 
any  ivuown  variable  which  is  certainly  not  of  the  vl/(/oMype. 

There  appears  to  have  been  no  attempt  to  improve  ui)on 
the  elements  assigned  by  Winneckk  ( .4 . JV. ,  Vol .  76,  p.  249), 
which  SciiiiNFELD,  in  the  notes  to  his  Second  Catalogue  says, 
"  my  observations  partly  confirm,  partly  contradict." 

This  expression  exactly  defines  my  own  Vxi)erience  with 
this  star  during  the  past  two  winters,  during  which  I  iiavc 
paid  it  considerable  attention.  The  weather  has  been  most 
unfavorable,  as  there  have  been  few  occasions  on  which  the 


sky  was  clear  enough  f<u'  ,>liservati<>u  during  a  wliole  period 
of  the  star ;  these  occasions,  however,  when  tliey  liavc  oc- 
curred, have  been  carefully  improved  during  the  past  season, 
and  the  result  is  in  a  higii  degree  unsatisfactory  ;  the  light- 
changes  are  small,  and  the  star's  position  in  the  middle  of  a 
brightish  cluster,  which  is  more  or  less  conspicuous,  according 
to  the  state  of  tlie  atuiosidiere,  renders  observation  diHicult, 
and  at  times  has  raised  a  doubt  of  the  reality  of  the  star's 
variation. 

The  changes   noted   liave   been  to  a  considerable  extent 
irregular,   the  extreme  variation  observed    being   only   live 
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N°  223. 


steps,  or  about  O".?,  aud  at  times,  for  several  dajs  in  suc- 
cession, the  star  woukl  apparently  remain  constant,  or  vary 
onl^'  one  or  two  steps.  In  the  two  seasons'  work,  nij'  obser- 
vations indicate  seven  ma.xima  and  seven  minima,  as  follows. 
The  comi)arisons  are  with  Winsecke's  elements. 


Ma.\im.\ 

Minima 

w 

O— C 

\v 

0-C 

issii  Nov.  1G.2 

3 

+  1.G0 

l.s.su 

Nov 

22.8 

2 

—1.1 

Dec.     i\.r, 

1 

+  1.24* 

21). 5 

3 

—  1.3 

13.1 

1 

+  1.25 

181)0 

Jan. 

1-1.2 

3 

—0.37 

•J  1.3 

3 

—1.10 

22.4 

2 

+  1.0 

IS'.iO.laii.     Hi. 2 

3 

+  0.fiU 

Kcl. 

21.4 

3 

±0.0 

l.s'.tOApr.     (;..". 

3 

+  1.73 

181U1 

Apr. 

ii.r. 

3 

+  1.0 

12.8 

3 

+  1.15 

1.').;! 

3 

+  1.3 

*  Aloonliiflit. 

Tlie  above  residuals  are  intolerably  huge;  l]nt  by  reason 
of  the  fewness  aud  scattered  character  of  the  observed 
epochs,  it  has  been  impracticable  to  fix  certainly  the  nature 

Dorchester,  Moss.,  1890  July  23. 


of  the  corrections  implied  ;  several  attenii)ts  to  form  mean 
light-curves  on  different  periods  have  been  attended  with 
uniformly  unsatisfactory  results. 

The  impression  left  liy  a  careful  consideration  of  all  mv 
observations,  after  many  attempts  to  reconcile  tiiem  wllli 
some  sort  of  period,  is,  tliat  if  variable  tiie  star's  changes 
are  rather  of  tiie  nature  of  those  of  V SoijiUdrii  or  R  Coronne. 
tliat  is,  of  an  irregular  character,  with  limes  of  sudden  fluctu- 
ation, alternating  without  regularity  with  periods  of  nearly 
stationary  light. 

It  is  much  to  be  desired  that  a  continuous  line  of  observa- 
tions of  this  star  could  be  obtained,  extending  over  several 
months,  and  made  at  least  twice  each  night,  at  intervals  of 
not  less  than  six  hours.  1  have,  myself,  tried  the  experi- 
ment with  a  shorter  interval,  and  the  impression  remaining 
is,  that  in  these  cases  the  results  are.  in  all  i)rob:ibility, 
niainlv  illusorv. 


1890  Greenwich  M.T. 


0BSERYATI0:NS   of   comet  b  1890  (cofrGJA), 

JIADK   ox    THI-:    12-INCn    EQUATOUIAL   OK  Till:   I.ICK   OBSKKVATOKY, 

Uv  W.  W.  CAMPBELL. 

^  —  ik  ^'s  apii;ir<'iil 


<l 

ii 

III          * 

ulv  22 

17 

1   56 

1 

23 

17   1 

-«   12 

2 

Xti. 
Conil), 


Ja 


jB 


a 


log  J) A 


8,8       +0  55.49         +1    11.9       !i  20  44.81       +41   31   24.1      9.756     0.771 
10  .  G       —3  49.24        —1   51.1       9  27  39.66      +40  42   13.1      9.742     0.788 


Mtan  Places  for  1S90  of  Comparison- Stars. 

Ked.  to  .      ,       . 

('I  am.,  i.laec  Authority 


Red.  to 
T^  "  app.  place 

1  9'l9"'50.'oi  — o'.69 

2  9  31  29.56  —0.66 


Ml.  Hamilton,  1890  July  24. 


+  41  30  7.1 
+  40  43  58.8 


+  5.1 
+  5.4 


W.B.,  IX  363 

Poulkova  1518 


FILAR-MICROMETER   OBSERYATIOXS   OF   COMET  b  1890. 


1890  Albanv  JI.T. 


Julv  22  9   15  41 
27  9  23  32 


JI.^DE   AT   THE 

nroLEY  onsEU 

•ATOItV. 

By  lewis  boss. 

Xo. 
Coiup. 

-* 

jS 

a 

15  ,  5 
5  ,  2 

—0  47.68 
—4  38.93 

—3   32.1 
+  1  53.6 

9    19  54.55 
9   51   52.94 

+  41   37 
+  37  24 


6.7 
57.2 


log  |>^. 


9.703     0.820 
9.681     0.822 


Mean  Places  for  ISOO.O  of  Comparison- Stars. 

g  Ked.  to  Authority 


Red.  to 
app.  place 


9  20  42.92         —0.69 
9  56  32.41         —0.54 


+  41   40  33.6 
+  37  22  58.3 


Red.  to 
app.  place 


+  5.2 

+  5.3 


Lai.  18562  and  AV.B..  IX  389 
Luud  A.G.  Zones  150  aud  167 


The  observations  are  corrected  for  diflereutial  refraction.      In    i  cult  to  observe,  owins;  to  tlie  presence  of  a  slight  fog  strongly 
the  observation  of  July  27,  the  comet  was  extremely  faint  and  diffl-   |  illuminated  by  moonlight 
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OBSERYATIOXS  OF   COMET  a  1890  mjiooKS), 

made    at   the   u.s.    xavai.    observatouy    with    the    d.g-iscii    kqratorul, 
By  Vrov.  E.  FRISBY. 
[Commuuicated  by  Captain  F.  V.  McNaik,  Superintendent.] 


1890  Washington  M.T. 

* 

No. 

#- 

-* 

^s  apparent 

logpA           1 

Comp. 

Ja 

jS 

a                       S 

for  a 

forrf 

Juue  13   U     3  24.5 

1     ■ 

15  ,  3 

—2     -2.00 

+  2  4l"l 

17''24"'  3.86 

+  65  22  14.6 

n9.515 

nO.565 

18  10     7  54.1 

2 

10  ,  2 

—0  54.39 

+  0  44.2 

16  28  59.44 

+  65  44  22.5 

H9.161 

?i0.597 

30     9  21  42.2 

3 

20  ,  4 

—1   24.62 

—8  30.1 

14  43  41.36 

+  61   52  57.8 

9.493 

nO.497 

July     8  11  46     4.6 

4 

20  .  4 

+  1     7.41 

+  3  45.6 

14     1   45.24 

+  57  35     5.6 

9.914 

0.105 

10  10  49  38.6 

.■) 

20  ,  4 

—1   27.96 

+  8  47.3 

13  54  18.62 

+56  30     8.9 

9.870 

9.628 

18     9  37     7.1 

6 

20  ,  4 

—2  33.88 

+  3  33.6 

13  31   45.43 

+  52   13  14.4 

9.817 

9.126 

3Iean  Places  for  1890.0  of  Comparison- Stars. 

Red.  to 

8 

Red.  to 

* 

a 

app.  place 

app.  place 

Autliority 

1 

17  26     2.57 

+  3^29 

+  65  19  34.1 

—  0.6 

Oe.  Arg.  N.  17204 

2 

16  29  50.66 

+  3.17 

+  65  43  33.3 

+   5.0 

Oe.  Aisi.  N.  16331 

3 

14  45     4.12 

+  1.86 

+  62     1    15.1 

+  12.8 

Boun  VI,  62°  13C8 

4 

14     0  36.72 

+  1.11 

+  57  31     6.0 

+  14.0 

Knieger's  Zones  138,  33  ; 

142,1 

0 

13  55  45.59 

+  0.99 

+  56  21     7.5 

+  14.1 

Riimker  4559 

6 

13  34  18.71 

+  0.60 

+  52     9  27.4 

+  13.4 

Bonn  VI,  52M724 

OBSERVATIONS  OF   COAIET  a  1800, 

made  at  the   VASSAR  COM.EGE   observatory   with    the    12-inch    KlJUATOItlAI.. 

By  M.iRY  W.  WHITNEY. 


1890  Greenwich  M.T. 

* 

No. 

#- 

-* 

^s  apparent 

logpA 

da. 

^8 

a                       S 

{      for  a     1    for  <! 

d        h       ni        9 

May  2  20  15  15.5 

1 

13  ,  11 

—o"  2!  13 

+4  23.0 

20" SS""  6.7    1  +  31°    6.9 

|n9.548     0.412 

15  20  22     4.8 

2 

3 

+  5  31.70 

+  1  28.5 

20  34  34.95  |     42  50 

13.1;h9.371     9.241 

17  20  33  26.6 

3 

7 

—0  51.46 

—2  47.4 

20  29     6.30       44  44 

50.61  )(9. 518     9.324 

20   19   16   16.5 

4 

5 

—3     9.42 

+  4  27.5 

20  19  27.84       47  37 

47.9 

Ji9.524  119.400 

22   19  29  43.2 

5 

10 

+  0  12.40 

+  3  33.7 

20   11   44.4    '     49  39.5 

«9.441  (t9.898 

24   16  21   59.2 

6 

2 

+  1  35.81 

—2  .55.8 

20     3  44.96       51   28 

14.3 

n9.814     0.210 

27  17     7  55.6 

7 

7 

+  1   21.41 

—3   11.9 

19  48  55.89        54   18 

50.5  »9. 753  /1O.2I8 

28  15  5(5  50.4 

3 

7 

+  3  44.70 

+  1   56.2 

19  43  24.75       55   13 

56.9  H9.842     0.722 

June  2  15  17     8.9 

9 

8 

—3  18.90 

—0  21.4 

19  10  22.43  i  +  59  29 

1 

47.4  »i9.879     9.236 

Mean  Places  for  1890.0  of  Comjxirison- Stars. 


Red.  to 

8 

Red.  to 

\ 

* 

a 

app.  place 

app.  place 

Authority 

1 

20  58     8.9 

— 0'.09 

+  31     2.8 

" 

— 16"2 

DM.  30^4293 

2 

20  29     2.63 

+  0.62 

+  42  49 

1.2 

—16.6 

KiulclitTo  4851 

3 

20  29  57.06 

+  0.70 

+  44  47 

54.5 

—  16.5 

.i[l{aai.'liffe  4859 +  Gr.  (1887) 

1450] 

4 

20  22  36.38 

+  0.88 

+  47  33 

36.6 

—  16.2 

Argelaiuler,  Zone  134,  uo.  90 

1 

5 

20  11  30.9 

+  1.10 

+  49  36.2 

—15.6 

])M.  49^3233 

1 

G 

20     2     7.86 

+  1.29' 

+  51   31 

25.3 

—  15.2 

Greeiuvieli  (1880)  no.  3328 

7 

19  47  32.91 

+  1.57 

+  54  22 

16.7 

—  14.3 

Struvo  2376 

8 

19  39  38.39 

+  1.C6 

+  55   12 

14.7 

—  14.0 

Bonn,  VI  55=2245 

[ 

9 

19  13  39.10 

+  2.23 

+59  30 

20.0 

—  11.2 

Bonn,  VI  59° 1982 

5G 


THK     ASTRONOMICAL    ,1  O  l"  K  N  A  L  . 


N"  223. 


COMET  h  1890. 

A  liriglit  comet  w:is  discovered  l\v  C'oooia  Jiilv  18,  and  observed  at  Marseilles,  as  follows: 
July  19.;58(M  Gieeiiw.  M.T.  a  =  8"  ba""  o8',  fl  =   +14°  22'  18". 

Dailv  motion.  1°   '>\'  in  «,  and  0°  42'  southward. 


Mr.  Krrciiii:  has  kindly  transmitted  the  following  additional  observations  from  Harvard  College  Observatory,  which 
have  boon  sent  him  by  ti'lf|>ii()ne  for  the  Science  Observer. 

.Inly  21.6316.         a  =  9"  13™     3". 2,         fi  =  +-12°  22'  10". 
22.5892.  9     19     .51  .1.  41     37    12  . 

23.5839.  9    26     45  .6.  +40     48    52  . 


ELEMENTS  AND  EPHEMEKTS  OF   COMET  b  1890  (coggia), 

By  WILLIAM  BELLAMY. 


Computed  from  the  position  observed  at  Marseilles  July 
19,  and  two  observed  by  Wi;ki>ki.i.  at  Harvard  College  Ob- 
servatory July  21  and  22. 


Ei-HKMioKis  Kon  Gkkknwicii  Time. 


T  =  1890  July  9.6223  (ir.  M.T. 
0)  =  87°  40'.5") 
Si   =  \o    22  .4  C  1,' 
(■  =  62    46.7) 
log  q  =  9.8892 


1890.0 


Middle  place,  C— O.     J).  —  O'.O,     Jp'  =  +0'.2 


Gr.  M.T. 

a 

iV 

loj?*- 

log  A 

Br. 

1890  July  26.5 

9  45.5 

+  .38  22 

9.9249 

0.2118 

0.82 

30.5 

10     8.0 

34  52 

Aug.  3.5 

27.4 

31   18 

9.9595 

0.2363 

0.36 

7.5 

44.2 

27  48 

11.5 

10  58.9 

24  24 

9.9986 

0.2645 

0.46 

13.5 

11     5.6 

22  46 

15.5 

12.0 

21   10 

17.5 

18.0 

19  35 

19.5 

11   23.7 

18     2 

0.0388 

0.2938 

0.33 

COMET  c  1890. 

A  faint  comet  was  discovered  by  Denxixc.  July  23.5  Greenwich  M.T. ,  in  right-ascension  15''  12'",  and  decl.  +78'' 
Motion  rapid  eastward. 

Mr.  Ritchie  kindly  transmits  the  following  additional  observation  received  by  telegraph  from  Lick  Observatory. 
July  25.9893.         a  =  15"  14'"  18%         d  =   +76^  2'  14". 


NEW  ASTRONOMICAL   WORK. 


Publicalion  IV.  <ier  Koniijlicheii  Sternwarte  zu  Kiel. 

This  appendix  to  the  two  volumes  of  Zones,  between  55~  and  65- 
N.  Decl.,  observed  by  Prof.  Kuuegeu  at  Helsingrfors  and  Gotha, 
contains  a  series  of  revision-observations  for  the  zone-catalogue, 
and  sundry  corrections  to  the  original  zones. 


Prof.  KuLEGEi:  invites  astronomers,  wlio  already  possess  the  two 
published  volumes,  and  desire  this  supplement,  to  inform  him  of 
their  wish,  with  which  it  will  give  him  pleasure  to  comply. 


CONTENTS. 

Positions  ok  Comparisox-Stars  Determined  at  Albany,  by  Prof.  Lewis  Boss. 

Elements  and  Epuemeris  of  Comet  6  1S90,  by  Phof.  Lewis  Boss. 

Note  on  the  Variable  Star  <S  Monocerotis,  by  Mr.  Paul  S.  Yendell. 

Observations  of  Co.met  6  1890  (Coggia),  b.y'  Mr.  W.  W.  Campbell. 

Filar-Micrometer  Observations  of  Cojiet  6  1890.  by  Prof.  Lewis  Boss. 

Observations  of  Comet  a  1890-  (Brooks),  by  Prof.  E.  Feisby. 

Observations  of  Comet  a  1890,  by  Mary-  W.  WmrNEY. 

Comet  b  1890. 

Elements  and  Ephemeris  of  Comet  b  1890  (Cogglv),  by  Mr.  William  Bellamy. 

Comet  c  1890. 

New  Astronomical  Work. 

PUBLISHED  IN  BOSTOX.  SE 


T  II  E 


ASTRONOMICAL    JOURNAL. 


No.  224. 


VOL.  X. 


BOSTON,    1890    AUGUST    30. 


NO.  8. 


THE  LATITUDE   OE   THE   ^^AVAL   OBSERVATORY, 


Bv  A.  HALL. 


lu  the  Publications  of  the  Astronomical  Society  of  the 
Pacific,  Vol.  11.  p.  136,  Professor  E.  S.  Hoi.den  has  called 
attention  to  the  latitude  of  the  Naval  Observatorj'  determiued 
from  observations  with  the  Mural  Circle.  The  early  volumes 
of  the  Observatory  show  that  a  great  deal  of  care  and  atten- 
tion were  given  to  this  instrument,  but  a  more  complete  in- 
vestigation of  its  errors,  and  of  the  values  of  the  latitude 
found  by  means  of  it,  would  certainly  be  interesting,  and 
would  be  well  worth  undertaking  while  tlie  circle  remains  in 
its  present  position. 

At  a  meeting  of  the  Geodetic  Conference  held  at  Rome  in 
1883,  Mr.  Fergola  presented  evidence  which  seemed  to 
show  that  latitudes  in  the  northern  hemisphere  are  under- 
going a  secular  diminution,  and  he  proposed  tliat  observa- 
tories in  nearly  the  same  latitude,  and  differing  much  in 
longitude,  should  determine  their  differences  of  latitude  by 
means  of  observations  in  the  Prime  Vertical,  in  order  that 
a  future  determination  from  the  same  stars  and  with  similar 
instruments  might  settle  the  question  of  secular  change.  An 
effort  was  made  to  carry  out  this  proposal,  but  apparently 
not  much  has  been  done.  At  that  time  I  collected  some 
data  on  the  latitude  of  this  Observatory,  and  the  determina- 
tions seemed  to  confirm  the  results  arrived  at  by  Mr.  Fek- 
<;oi.A.  The  values  of  the  latitude  fonnd  by  observations  with 
tlie  meridian  instruments  are  as  follows  : 

1816,     f  =  +38  53  3t».23 
1863,  38.78 

1875,  38.88 

which  shows  a  diminution  of  0".85. 

The  (irst  value  is  the  result  of  a  discussion  by  Mr.  Skaks 
C.  AVai.kku  of  the  observations  of  circumiiolar  stars  with 
tlie  Mural  Circle  by  Professor  Cokfin  and  Lieut.  Paoe  in  the 
years  1815  and  1816.  The  results  fiom  different  stars  are 
given  in  the  following  table. 


No.  Observ'ns 

Star 

9 

Weight 

195 

Polaris 

+  38  53  39.52 

10 

17 

d  Urs.  Min. 

39.04 

3 

19 

a  Urs.  Ma  J. 

38.59 

4 

8 

C  Urs.  Min . 

38.49 

9 

11 

I  Urs.  Min. 

39.41 

2 

7 

a  Cephei 

39.75 

1 

12 

^  Cephei 

38.90 

2 

44 

y  Cephei 

+  38  53  39.62 

4 

By  weight,  therefore,  the  result  is 

«.  =  +38°  53'  39".23 

The  latitude  linaliy  adopted,  and  which  was  used  in  all 
reductions  until  1SG6,  was 

+  38°  53'  39".  25 

In  IsiH  Professor  Newcomb  began  a  series  of  observa- 
tions with  the  Mural  Circle  for  a  new  determination  of  the 
latitude,  and  these  observations  were  continued  through  the 
years  1862,  18G3  and  1861.  In  the  last  year  many  observa- 
tions were  made  by  rellexion,  thus  bringing  to  bear  on  the 
latitude  different  parts  of  the  circle,  and  teudiug  to  eliminate 
errors  of  graduation  and  llexure.  The  result  is  the  second 
value  given  above  ;  and  it  is  curious  to  notice  that  in  this 
determination  the  three  pole  stars,  Polaris,  tt  Urs.  Miu.  and 
X  Urs.  Min.,  used  by  the  first  observers,  give  the  very  con- 
sistent correction  of  — 0".34  to  the  first  latitude.  This 
second  value  was  adopted  for  use  on  the  Transit-Circle  in 
1866,  and  has  become  the  standard  latitude  of  the  Naval 
Ob.servatory. 

The  third  value  is  the  mean  result  of  observations  with 
the  Pistor  and  Martins  Transit-Circle  during  the  years  1866 
to  18S4,  excluding  the  result  for  1880,  which  appears  to  be 
erroneous.  The  data  for  the  preceding  values  will  be  found 
in  the  annual  Vi>lumes  of  the  Naval  Observatory. 

lu  1883  1  made  a  deteruiiuatiou  of  the  latitude  with  one 
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of  tlie  portable  instiiiments  of  the  Transit  of  Venus  Com- 
mission. Tiie  optical  power  of  this  instrument  was  less  than 
that  of  the  Mural  and  Transit-Circles,  but  on  the  other  hand 
a  result  by  TAi.corr's  method  depends  chielly  on  the  decli. 
nations  of  the  stars,  and  appears  to  bo  free  from  some  of  the 
errors  that  may  vitiate  the  most  careful  observations  with 
large  fixed  instrnments.  This  result  was  found  from  1:50 
observations  of  •12  i)airs  of  stars,  and  the  value  of  the  lati- 
tude is 

1883,     <p  =   +38°  53'  38". 1)4  ±  U".0U1 

(Astr.  yachr.  no.  2G2.')). 

There  is  another  method  of  examining  this  question  from 
the  early  observatious  of  the  Observatory.  In  1845  obser- 
vations were  begun  with  the  Prime  Vertical  Transit,  and  a 
sufficient  number  of  observations  of  «  Lyrae  were  made  in 
that  year,  so  that  by  assuming  a  declination  of  the  star  we 
may  compute  the  latitude  of  this  instrument.  The  observa- 
tious are  so  well  distributed  that  any  parallax  of  the  star 
would  be  nearly  eliminated  in  the  mean  result  for  the  year. 
There  are  G2  observations  of  this  star  in  1845,  of  which  41 
were  made  by  tiie  Superintendent,  Lieut.  Maury,  20  by 
Lieut.  IIkhndon,  and  one  by  Lieut.  Wokden.  The  instrument 
was  placed  in  ciiarge  of  Professor  Hubbard  in  1848,  who 
made  the  observations  of  that  year.  The  work  on  this  in- 
strument was  then  nearly  discontinued  until  1862,  when  it 
■was  revived  by  Professor  Hubbard,  and  observations  of 
a  Lyrae  were  made  during  five  years.  In  1845  and  1848 
the  observers  were  inexperienced,  and  the  probable  errors 
of  a  single  observation  were  respectively  ±0".34,  and 
±0".33.  In  the  later  years  the  probable  error  of  a  decli- 
nation was  ±0".19.  The  declination  and  proper  motion 
of  this  star  are  well  known.  I  have  taken  the  position 
of  the  star  from  the  catalogue  of  Professor  Boss,  and  by 
means  of  his  precession  and  proper  motion  have  carried  back 
the  declination  to  the  epochs  to  which  the  observations  are 
reduced,  1845,  1850,  1860,  and  1870;  and  compared  them 
with  those  found  with  the  Prime  Vertical  Transit.  In  de- 
ducing the  declinations  from  the  observatious  a  latitude  was 
assumed,  and  the  declination  was  computed  from  Stkuve's 
formula, 

tan  (^  =  tan  e  cos  s  cos  ?i 

Kavul  Obsercalonj,  18'.)0  Jul;/  16. 


If  the  declination  be  known,  therefore,  we  may  find  the 
correction  of  the  assumed  latitude;  and  in  the  case  of 
«  Lyrae  this  is  easily  done,  since  this  star  passing  only  a 
quarter  of  a  degree  south  of  oiu'  zenitii  the  changes  in  if  and 
y  are  nearly  the  same.  The  following  table  gives  the  result 
of  this  comparison.  In  1845  the  assumed  latitude  of  the 
Prime  Vertical  instrument  was  -|-38°  53'  3'J".00  ;  and  in  tiie 
other  years  -t-38°  53' 38".80.  The  reduction  from  the  Prime 
Vertical  to  the  center  of  the  01)servatory  is  -t-0".45.  The 
quantities  will  be  understood  from  the  headings  of  the 
columns,  ^'  giving  the  seconds  of  latitude  for  tlie  instrument, 
and  <p  the  latitude  of  the  Observatory. 


Date 

No. 
Obs. 

Observed  d      ^oinp 

Diff. 

f' 

f 

0          1           II                     II 

It 

II 

1 

1     II     1 

1845 

62 

-1-38  38  34.80  33.75 

—1.05 

37.93 

-f  38  53  38.381 

1848  !   71 

38  50.43  48.97 

—1.46 

37.31 

37.76 

1802  t  93 

39  20.23  1 9. G2 

—0.61 

38.18 

38.03 

1863 

71 

20.2219.62 

—0.60 

38.19 

38.64 

1864 

90 

20.24  19.62 

—0.62 

38.17 

38.62 

1865 

76 

39  51.22:50.57 

—0.63 

38.16 

38.61 

1866 

90 

-1-38  39  51.28150.57 

—0.71 

38.08 

-1-38 

53  38.53 

Although  there  may  be  a  small  error  in  the  assumed  decli- 
nation of  the  star,  which  would  make  the  resulting  latitudes 
erroneous,  yet  the  position  of  this  star  and  its  motion  in 
declination  are  so  well  known  that  the  relative  values  of  the 
latitude  cannot  be  nnich  in  error. 

If  now  we  consider  the  whole  of  the  preceding  results,  it 
is  evident  that  there  is  no  proof  of  a  secular  change  in  the 
latitude.  These  results  show,  moreover,  that  the  absolute 
determinations  of  latitude  are  subject  to  small  errors  which 
require  the  utmost  care  on  the  part  of  the  observer  if  they 
are  to  be  avoided.  It  will  be  seen  that  this  is  the  case  even 
with  the  Prime  Vertical  instrument,  where  the  results  do  not 
depend  on  a  graduated  circle.  In  the  case  of  the  Mural 
Circle,  where  six  microscopes  were  read,  it  was  assumed  as 
probable  that  the  mean  reading  would  be  to  a  large  extent 
free  of  errors  of  graduation  and  flexure  of  the  circle,  but  this 
is  a  point  that  should  be  examined.  Another  doubtful  point, 
I  think,  is  the  reading  of  the  external  thermometer,  es|)ecially 
during  the  early  parts  of  the  night  when  the  walls  of  the 
building  were  radiating  heat. 


OBSEEYED  MAXIMA  AND  MINIMA   OF    TAND  U MOXOCEROTIS,  IN   1889-00, 

By  PAUL  S.  YENDKLL. 
T  Monocerotis. 
Sixty-six  observatious  of  T  Monocerotis,  from  1889  Nov. 
5  to  1890  April  25,  yield  six  maxima  and  six  minima,   as 
follows : 


39  Nov.  30.4 
Dec.  25.4 


Maxima 
w 
4 
1 


by  single  curve 
bv  mean  curve 


M 

VXIMA 

1890  Jan. 

21.6 

5 

by  single  curve 

Feb. 

10  4 

4 

by  mean  curve 

Mar. 

17.1 

4 

bv  siugle  curve 

Apr. 

14.4 

5 

4 

I. MM  A 

b}'  single  curve 

1889  Nov. 

21.0 

4 

bv  single  curve 

Dec. 

18.5 

4 

by  single  curve 
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1890  Jan. 

Feb. 

1890  Mar. 


13.4 
5.9 
6.4 

30.5 


l)y  single  curve 
l)_v  mean  curve 
by  mean  curve 
by  mean  curve 


Tiie  mean  liglit-curve  used  in  these  reductions  is  the  same 
as  that  used  in  reducing  the  previous  season's  observations, 
and  is  formed  from  the  observations  of  1888  and  1889. 

Dorchester,  J/a.s-.s.,  1890  July  23. 


U  Monocerolis. 
Between  1889  Nov.  28  and  1890  April  25,  this  star  was 
observed  forty-nine  times.  Wlien  first  observed,  on  Nov. 
28,  its  magnitude  was  estimated  at  7''.0 ,  it  rose  to  a  maxi- 
mum of  6". 5  on  Dec.  17;  other  maxima  were  observed  as 
follows  :  1890  Feb.  12,  6^.45,  and  an  ill-defined  one  of  C.G 
on  April  10  ;  only  one  definite  minimum  was  observed,  on  Mar. 
9,  at  which  time  its  observed  magnitude  was  7". 45. 


OX   THE   CO^rPUTATIOX 

By  WILLIAM 

Tlie  following  formulas  may  not  be  new,  but  as  I  have  | 
never  seen  them  in  the  course  of  my  reading,  and  as  tiieir 
use  will  frequently  abbreviate  one  of  the  most  tedious  pro- 
cesses iu  the  method  of  least  squares,  I  venture  to  publish 
them. 

Imagine  a  function  of  which  we  have  n  observed  values, 
given  in  llie  form  f+  Sf,  f+  8f',  f+  Sf",  etc.  ;    and  let 
the  mean  of  8f,  8/',  of",  etc.,  be  5^.      Then,  if  /o  is  the 
true  value  of  the  function,  we  shall  have 
/„  =  /  -I-  8f, 

To  find  the  probable  error  of  /,,  we  must  compare  it  with 
each  of  the  observed  values,  and  thus  wc  shall  obtain  a 
series  of  residuals  which  may  be  written 

V  =  Sf—  8f    v'  =   8r  —  8f     v"  =  8f"  —  Sf     etc. 

We  require  the  sum  of  these  residuals  taken  without  re- 
gard to  sign,  and  in  order  to  find  it  we  divide  them  into 
three  classes.     Thus : 

(a).  When  Sf  and  Sf  have  the  same  sign,  and  Sf  is 
numerically  greater  than  Sf 

'■  =  <y-  ¥„ 

(b).  When  5/ and  Sf  have  the  same  sign,  and  Sf  is 
numerically  snialler  than  Sf 

V  =  Sf—Sf 

(c).     When  ("(/'andfi/,  have  opposite  signs 

V  r=  <v+.v;, 

Now  regarding  the  v  s,  the  Sf  s,  and  Sf  as  essentially 
positive,  let  there  be  jh,  residuals  of  class  (o),  ?«2  of  class 
(b),  and  ?n.,  of  class  (c)  ;  let  their  sums  be  respectively 
[i']i,  [v]^. ,  [*'],;  and  let  the  corresponding  sums  of  the 
<Vsbe[<V1,,  [cV/-]„,   [(V/-]:,.     Then  (1) 

['•].+  ['^•.■+  l^-l:  =  [<V].-  [«V'].+  ['¥].-  (m,-«u-«0  dfo 
and  as 

[.]  =  [.],  +  [r],  +  [r], 
[Sf]  =[Sf],+  lSf],+  [Sfl, 
tills  reduces  to 

(2)  [i-]  =  ISf]  —  2[<V],  —  (m,-»i,— )«,)  Sf 

Washington,  D.C.,  1890  Aug.  1. 


OF  PROBABLE   ERRORS, 

HARKNESS. 

Finally,  by  Dr.  C.  A.  F.  Peters's  formula,  the    probable 
error  of  any  one  of  the  values  of  /+  Sf  is 
_      0.8453  M 
VC«(m-l)] 
and  the  probable  error  of  /o  's 

_      r     _    0.8453  [i;] 
"         -^m         s/ {irv' — VI-) 

As  formula  (2)  obviates  the  necessity  for  computing  the 
individual  v  s,  it  greatly  reduces  both  the  numerical  work 
and  the  risk  of  error.  As  an  example  of  its  use,  take  the 
following  numbers  which  occurred  in  a  computation  relating 
to  the  ihoon's  mass,  and  let  it  be  required  to  find  their  mean, 
and  its  jirobable  error. 


w 


-1-194 

+  90 

+  84 

—  26 

+  287 

—  88 

+  207 

—  42 

+  35 

-t-  6 

—  16 

—116 

—  103 

—217 

—  18 

+  238 

+  145 

+  32 

+  260 

—  172 

+  2 

+  172 

—  183 

+  84 

—  60 

—  129 

+  51 

—  62 

+  78 

—275 
+  204 

The  entire  computation  is  as  follows  : 

?n,  =  15,  Sf  =  (  +  2169— 1507)/81   =  +21.4 

nu  =     2,       [Sf]  =         2169  +  1507  =  3676 

m,  =  14,  2  [Sf},  =       16 

(m,— Hi„— hOiVo  :=  — 21 

[f]  =  3681 

Then  by  fcrmuhi  (t)  r,  =  ±  18.33 

and  final Iv 

Sf  =   +21.4  ±  18.3 

The  little  instrument  known  as  Webb's  Adder  greatly 
facilitates  the  formation  of  [Sf]  ,  [<V"].i,  etc.,  because  by  its 
aid  quantities  scattered  throughout  a  column  of  figures  eau 
be  selected  and  added  with  rapidity  and  accuracy. 
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THE   AUGUST  PERSETDS,  1800, 

Bv  EDWIN'  F.  SAWYKK. 


Tbe  observations  of  this  animal  mett'or-showei-  were  con- 
fined this  year  to  tiie  evenings  l)etwec'n  August  3  to  8,  the 
dates  of  its  niaximuni  display,  9  to  11,  being  unfortunately 
overcast.  Owing  to  the  moon's  early  rising  the  ol)servations 
were  necessarily  limited  in  duration  ;  and  the  number  of 
meteors  recorded  less  numerous  than  would  have  l)een  the 
case,  could  a  later  hour  have  been  selected,  and  a  longer 


watch  maintained.  However,  of  the  40  meteors  recorded, 
22  were  observed  with  suflicient  accuracy  to  allow  their 
paths  being  correctly  mapped.  From  the  best  paths  mapped 
on  the  6th  and  8th,  the  radiant  point  was  fairly  well  de- 
termined as  at  R.A.  44°,  Decl.  +57°.  The  following  table 
gives  the  dates  of  observation,  number  of  meteors  recorded, 
etc.  : 


August 

Duration  of  Watch 

Length  of 
Watch 

Magnitude 

Total          Perseids 

1 

>1H 

=  !>■ 

=  2>' 

=3" 

=  4»< 

3 
4 
5 
6 

8 

li        in                     h        Ml 

8  35     to       9  35 
8  55     to       9  55 
8  35     to       9  55 
8  45     to       9  15 
8  40     to     10  30 

h       III 

1     0 
1     0 
1   20 

0  30 

1  50 

0 
0 

1 
1 
1 

0 

1 

0 
0 
2 

0 
0 
1 
1 
3 

1 
1 
2 
0 
2 

3 
5 

l> 
3 
6 

4  2 
7                  2 

10                  3 

5  2 
14                10 

5  40 

3 

3 

5 

6 

23 

40         j       19 

Meteor  Tracks  Mapped. 


No. 

Date 

1890 

Camb. 
M.T. 

Mag. 

OnsERVED  Path 

Length 

of 
Path 

Wt. 

Remarks 

From 

R.A.     Decl. 

To 

R.A.     Decl.  - 

1 

Aug.  3 

8  55 

5 

345  +82i 

2724+79 

7 

3 

Perseid 

2 

9     6 

3 

319i  +  64i 

282i  +  42 

28 

3 

From  a  Cephei  to  near  a  Lyme  ;  perseid 

3 

"      4 

9  22 

3 

2+78 

60   +80 

8 

3 

4 

11       ii 

9  33 

6 

S42^-+y8 

332i  +  56J. 

6 

3 

Short  and  rapid 

5 

li           u 

9  50 

1 

190   +55 

1961+40 

13 

4 

Streak  2  seconds  ;  perseid 

6 

"      " 

10     3 

5 

339   +62i 

340   +55 

7 

3 

7 

"       5 

8  40 

4 

1    +58i 

347^+57 

7 

4 

F'rom  p'  Cassiojieae  ;  perseid 

8 

14            U 

8  45 

5 

325   +55 

33U  +  574 

4 

3 

Short  and  rapid 

9 

.1            li 

8  59 

>1 

240   +80 

227^+64 

15 

4 

Streak  2  seconds  ;  perseid 

10 

li            il 

9  13 

6 

317i.+  69f 

320   +70 

1 

3 

Very  short  path 

11 

U            11 

9  35 

2 

287*+68 

260  +62 

12 

4 

Streak  1  second 

12 

11            11 

9  36 

4 

285  +67i 

287  +67 

1 

3 

Nearly  stationary 

13 

11            11 

9  55 

3 

21    +85 

210   +85 

7 

4 

Across  Polaris 

14 

"      6 

8  55 

4 

340  +5Si 

330  +56 

6 

4 

Across  8  Cejihei ;  perseid 

15 
16 
17 

(t      il 
"      8 

9     0 
9     7 
8  43 

6 
2 

355   +72^ 
199   +16 
330  +84 

10  +72i 
192  +13 
971+80 

5 
11 

3 
2 

4 

Short  and  rapid 

fVcrv  brilliant   pear-shaped  fire  ball  l/.-j  diameter  of  moon; 

visible  8  seeonds ;  fell  uearlv  on  a  line  with  Alpkn  and  Eta 
1  Bootijt.  .\ttcntiun  first  attracted  by  a  brilliant  light  in 
i         southwest,  and  turned   in    time  to  see  its  disappearance 

behind  some  ttees;  no  streak  left;  path  approximate. 
1  Seen  at  various  places  in  Mass.  and  Nil.  Said  to  have 
I.       lallen  at  Keene,  N.H.  — Biwton  fferald,  Aug.  S. 

18 

ii      il 

8  46 

5 

330  +571 

316  +52 

9 

3 

Perseid 

19 

ti      il 

8  47 

5 

310   +70 

309   +721. 

3 

3 

Very  short  and  rapid 

20 

li      il 

9  34 

1 

260   +76 

242J  +  54 

20 

4 

Streak  2  seconds  ;  perseid 

21 

il      li 

9  38 

>1 

45   +65 

40   +75 

9 

3 

Perseid 

22 

"      " 

10  20 

2 

255   +70 

2474+57 

13 

3 

Streak  1  second  ;  perseid 

Brighton,  Mass.,  1890  August  13. 


ON-  GOEE'S   NEW  VARIABLE,  IX  HERCULES, 

By  PAUL  S.  YEXDELL. 

At  bis  request,  I  began  observations  upon  it  in  November, 
1889,  and  observed  the  star  a  few  times,  but  it  was  already 
so  low  in  the  northwest  that  the  reflection  from  the  electric 
lights  of  the  city  rendered  observation  difficult  and  uncer- 


The  variability  of  this  star,  which  is  no.  367  of  Birming- 
ham's Catalogue  =  DM.  47°  2291,  has  recently  been  an- 
nounced by  Mr.  Gore  in  no.  2981  of  the  Astronomische 
Nachrichten . 


N"  224. 
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tain,  aud  uo  definite  eoiiclusiou  as  to  its  variability  could  be 
arrived  at  from  the  few  observations  secured. 

The  watcii  on  llie  star  was  resumed  in  April,  1890,  and 
from  April  1.5  to  August  16,  thirty-tluee  observations  have 
been  made,  which  definitely  establish  the  fact  of  the  star's 
variation  ;  a  not  verv  sharply  marked  minimum  is  shown  on 
May  13.5,  followed  ou  June  26.0  by  a  maximum,  quite  defi- 
nitely indicated  by  the  observations  ;  the  decrease  in  light 
was  ratlier  flow  and  fluctuating,  and  it  is  now  again  appar- 
ently just  at  or  past  a  minimum,  indicating  a  period  of  about 
three  months. 

The  star's  minimum  light  appears  to  be  about  7*".!  or  7". 2  ; 
at  the  maximum  lately  past,  it  reached  about  five  or  six  steps 
higher,  equivalent  to  six  or  eight-tenths  of  a  magnitude  ; 
but  from  statements  made  to  me  by  Mr.  Goue  in  a  private 
letter,  it  seems  probable  that  the  star's  light  differs  con- 
siderably at  different  maxima,  aud  that  the  last  one  was 
rather  faint. 

The  comparison-stars  used,  with  the  light-scale  formed 
from  the  oliservations,  are  as  follows  : 

J[  — DM.     Liiilit       M  — Y 
?*=  DM.  -1-47°  2300         6.7         15.0         6.0 
a  =  DM.  -1-47°  2288         7.0  5.0         7.2 

The  interval  of  ten  steps,  shown  hj-  the  observations,  in- 
dicates a  difference  of  about  r'''.25  between  the  two  stars, 
and  it  seems  probable  that  eitlier  one  or  both  the  stars  have 

Dorchester,  Mass.,  1890  August  16. 


changed  in  light  since  the  DM.  estimates  were  made,  as 
comparisons  with  neighboring  stars  indicate  that  b  is  now 
about  e^.O,  while  a  appears  to  my  eye  rather  faint  for  a 
7".0  ;  the  estimates  of  magnitude  arrived  at  by  me  are  there- 
fore given  in  the  right-hand  column  of  the  above  table. 

The  observations  obtained   this  year,  with  the  observed 
light  by  the  above  scale,  are  as  follows : 


Cainb.  M.T. 

Liiiht 

Camb.  M.T. 

Liyht 

890  Apr.  15.365 

6.5 

1890  July     6.405 

9.0 

16.385 

7.0* 

8.427 

8.5 

20.351 

7.0 

9.422 

8.5 

May     2.378 

7.5 

11.398 

8.0 

11.395 

6.0 

13.375 

8.0 

16.392 

6.0 

16.420 

9.0 

18.365 

6.0 

17.407 

8.0 

21.414 

7.0 

19.430 

8.0 

June    8.382 

7.5 

21.395 

7.5* 

9.420 

8.0 

27.379 

7.5* 

14.441 

9.0 

Aug.    2.365 

7.0* 

15.417 

9.0 

4.. 382 

6.5 

18.399 

10.0 

6.392 

6.0 

20.385 

9.75 

13.399 

5.5 

28.378 

10.75* 

15.S40 

6.5 

30.424 

9.7.5* 

16.375 

6.0 

July     5.427 

9.75 

*  Moouliglit. 

ELEMENTS  OF  COMET  c  1890  (DExyixG), 

By  ARMIN  O.  LEUSCHXEK. 
From   Mr.  Barnard's  observations  of  July  25,  Aug.  3, 
and   Aug.    9,  I    have  deduced    the   following  elements   of 
Comet  c  1890  (Denning)  : 

T  =  1890  Sept.  24.4824  G.M.T. 
(0  =  162°  45'  59".9") 
9,  =     99    56    27  .9  \  M.  Eq.  1890.0 
i  =     98    58    25  .8  ) 
log  q  —  0.101606 
Lick  Observatory,  1890  Aurj.  14. 


0_C,     ./;.  cos  J  =  -(-9".5,     Jp  =   +5".2. 

X  —  9.465412  sin  (114°  26'  5".7  +  r)  sec'i  «•. 
y  =  0.090981  sin  (274  56  56  .1-f  r)  sec'i  f. 
z  =  0.100374  sin  (185    55      0  .8-(-v)  sec^i  v. 


FILAR-MK'KOMRTER   OBSERYATIOXS  OF   C(^>ri-7rs  J>  AXD  c  ISOO. 


M.VIIE   .VT   TUi;   l>ll)l.i:v   OUSEUVATOKV, 

By  LEWI.S  boss. 

1890  Albany  M.T. 

* 

No. 
Conip. 

Ja          1         j8 

^"8  apparent 
a         '8 

logpA           i 

for  a     1    (or  C 

Comet  a  (Coggia). 

1 

Aug.  4      8  58  58 

1 

1      6,2 

—4"'  5.96    i    -fl'.58!9  1  10' 

3r"39!36    1  -f-30  24   20.4 

9.674      0.799 

Aug.     7   10   14  56 
15     9  .56  48 

2 
3 

■1  ,  •-' 
15  ,5 

Comet  f  (Denning). 
—0  26.40    1    —2  45.3       15 
—4   27.69        —0     8.3       15 

l,^      7.;$u      -Mil    ;!«  -.M.'.i 
23  47.36      +50  31   45,6 

•,'..M7      .->..•■!:> 

9.699     0,172 

1 

02 


T  II  !•;     A  S  r  I{  O  N  O  11 1  C  A  L     ,)  ( )  I :  K  N  A  L  . 
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Mean  Places  for  1890.0 

of  Comparison- Stars. 

* 

a 

Keel,  to 
app.  place 

8 

Ued.  to 
app.  place 

Authority 

1 

2 
3 

10  35"  45*.  66 
15  18  32.88 
15  28  14.37 

— 0'.34 
+  0.82 
+  0.68 

+  30  22  16.6 
+  61  40  52.2 
+  50  31  41.8 

+   4.9 
+  15.0 
+  12.1 

Leiden  A.G.  Zones 
Kniegei's  A.G.  Zones 
Oe.  Arg.  15450 

1 

The  comet  of  Coggia  was  barely  visible  through  light  fog  when 
obscrvetl  on  August  4. 

The  ol)servalion  of  Comet  c  was  extremely  cliflleult  on  August  7, 
owing  to  the  prevalence  of  thin  clouds.  The  comparison-star  No. 
2  is  found  in  Kkukger's  zones,  233  and  387,  but  in  the  former  its 
li.A.  for  1875.0  is  given  as  21\03,  while  in  the  hitler  it  is  given  as 


15-.  17.     This  star  is  Hadclifte  (1843)  .3374,  and  the  U.A.  from  that 
authority  decides  for  the  correctness  of  KitVKGKii's  zone  387. 

The  difference,  Oe.  .Vrg.  15430 — Oe.  Arg.  15475,  as  measured  by 
me  is  :  Jrt  =  — 1'"  55".88 ;  J8  =  +3". 9.  The  position  of  star  No.  ." 
is  adopted  from  the  mean  between  the  catalogue-position  and  that 
derived  through  Oe.  .'\rg.  13475. 


OBSERVATION'S   OF   COMET  a  1890  (imoohs), 

madk    at    rilk    u.s.    naval    observatory    with    tiik    'j.g-incll    wjuatokiai,, 

By  Prop.  E.  FRISBY. 

[Communicated  by  the  Superintendent.] 


1890  Washington  M.T 

* 

No. 
Comp. 

_  * 

^8 

^'s  apparent 

8 

log 

foro 

ford 

Aug.   15     9  6  12 

15  9  6  12 

16  9  5  13 

1 
2 
3 

10  ,  2 

10  ,  2 
20  ,  4 

+  4'"  2. '17 
+  1  33.73 
+  2  21.62 

—2  26.0 
—0  11.8 
—3  20.2 

13'' 2"'l  6.^30 
13  2  16.62 
13  1  56.20 

+40  11  28.0 
+40  11  28.6 
+  39  51  37.2 

9.777 
9.776 

0.587 
0.589 

Mean  Places  for  ISOO.O  of  Comparison-Stars. 


* 

a 

Red.  to 
app.  place 

8 

Bed.  to                                   Authority 
app.  place 

1 

2 
3 

12''58"'l4'.16 
13     0  •f2.91 
12  59  34.62 

— 0'03 
—0.02 
—0.04 

+  40  13  45.4 
+  40  11  31.8 
+  39  54  49.0 

+8!6      1  Bonn  VI,  39°2G13 

+  8.6         Radcliffe  2957 

+  8.4        Weisse's  Bessel  (2)  XII,  1141 

OBSERVATIONS   OF  EUCHARIS  (181), 

MADE   AT   THE   U.S.   NAVAL   OBSERVATOnY, 

By  A.  HALL. 
[Communicated  by  Capt.  F.  V.  McNair,  LT.  S.  Navy,  Superintendent.] 


1890  Washington  M.T. 

* 

.    No. 
Comp. 

O- 
z/a 

-* 

z/S 

O's  ai 
a 

>parent 

8 

log  J 

for  a 

for<j 

May  15  10  58  37.9 

17  10  24  39.3 

18  9  21     6.9 
21   10  55  44.7 

1 
2 
2 
3 

20  ,  5 
20  ,  5 
20  ,  5 
20  ,  5 

—2""  2. '9 7 
+  1  54.98 
+  1   13.00 
+  1  50.53 

+  1  58.8 
+  1  32.3 
+3     4.5 
—  1     3.8 

15  24  19.40 
15  22  52.12 
15  22  10.15 
15  19  57.51 

+  7  52     3.4 
+  7  55  47.7 
+  7  57  20.1 

+  8     1     7.8 

n9.003 
»i9.172 
w9.407 
H8.706 

0.656 

0.658 
0.668 
0.652 

X"  224. 
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Mean  Places  for  1800.0  of  Comparison- Stars. 


* 

a 

Bed.  to 
app.  place 

s 

lied,  to 
app.  plact 

.-iuthority 

1 

1 

2 
3 

15  26  21.01 
15  20  55.78 
15  18     5.58 

+  1.'36           +7°50'    9!6 

\X\-ll\        +7.54  20.0 
(+1.3/  )  . 

+  1.40          +8     2  15.6 

—5.0 
(-4.6) 
(-4.4)- 

—4.0 

DM.  +7°2971;  i ( Paris  +  Wash.) 
DM.  +8° 3030;  4(Paiis  +  Wasb.) 
DM.  +8"  3020;  ^(Paris+Wash.) 

Note. — These  observations  were  made  at  the  request  of  Dr.  1    in  any  accurate  catalogue,  it  may  be  well  to  give  the  positions  ob- 
L.  DE  Ball,  for  his  work  on  the  mass  of  Jupiter.     Since  two  of      served  at  Paris  and  Washington, 
the  stars  of  comparison  are  of  the  9.5  magnitude,  and  do  not  appear  j 


1890  August  20. 


a  1890.0 

6  1890.0 

No.  Obs 

DJI.  +7.2971;  , 

15  26  20.97 

+7  50     9.7 

Paris 

(3.2) 

21.05 

9.6 

Washington 

(3.3) 

DM.  +8.3030; 

15  20  55. G9 

+7  54  20.-1 

Paris 

(3.2) 

55.86 

19.6 

Washington 

f3.4) 

DM.  +8.3020; 

15   IS     5.56 

+8     2  15.4 

Paris 

(3.3) 

5.60 

15.8 

Washington 

(5.5) 

OBSERVATIONS   OF   COIMET  a  1890  (brooks), 

WITH   THE   TRANSIT-CIRCLE  AT   THE   U.S.X.    OBSERVATORY. 

[Communicated  by  the  Superintendent.] 


Date 

Observer 

R. 

A. 

N.  P.  D. 

1890 

h 

1, 

1                 t 

a 

'        ff 

June   19 

Eastman 

16 

18 

9.78 

24 

21     40.6         , 

23 

Eastman 

15 

38 

42.51 

25 

14       3.2 

24 

Skiuner 

29 

43.53 

25 

33     24.9 

25 

Eastman 

21 

7.88 

25 

54    41.7 

26 

Skinuer 

12 

56.22 

26 

17     59.6 

27 

Eastman 

15 

5 

7.51 

26 

42     4S.5 

28 

Skinuer 

14 

57 

42.70 

27 

13     13.8 

The  positions  depend  upon  tlie  stars  of  tlie  Berlin  Ephcraerls,  ami  arc  uncorrected  tor  parallax. 


Apr.   19 
20 


6.2 
G.l 


.M;iv    II 


OBSERVED  MAXIMUM  OF  B  HYDRA  E.  1890, 

By  EDWIN  F.  S.\W\'EI{. 

Tills  Interesting  variable  has  recently  passed  through 
another  maxinuim.  Observations  were  began  on  April  11, 
anil  termmated  on  June  16.  ^Yhen  first  seen  on  April  11, 
R  was  4  steps  "> 352  (If. A.)  Sydrae,  and  5  steps  <3o5 
{  U.A.)  ITi/dnie,  or  6''. 8.  The  increase  of  light  was  very 
rapid  and  uniform,  a  niaxinuiin  being  reached  May  25.5. 
The  niaxiuuiin  brightness  was  5  +  steps  >131  {U.A.) 
Virtjiiiis  r=  31  (U.A.)  Corvi,  and  5  steps  <9  {U.A.)  Corvi, 
or  4''. 6.  The  light  at  maxinuim  appeared  constant  from 
May  1 1  to  Jnue  9,  a  period  of  29  days.  Owing  to  the  star's 
approach  to  the  sunset  iiorizon  It  could  not  be  followed  after 
•lune  16,  on  which  date,  however.  It  had  faded  some  3  or  4 
stei)s  to  about  4". 9. 


OliSKUVATIONS. 

.Vlir.  11         e'.S  Apr.  25        o^So 

15        6.5  28        5.5 

Bn'glitOH,  Mass.,  1890  August  15. 


June    8 


4.6 
4.6 


1.6 


June  15 
16 


4.9 
4.9 


C'o.mi'arison-Stars  Usek. 


1875.0 


9  {U.A.)  Corvi       =12     1  58 


31 
131 
341 
124 
120 
135 
355 
352 


Coici       =12  25  40 

Virgin  is  =13  11   52 

Jlydrae   =13  2   19 

Virgin  is  =13  9   13 

Virgin  is  ^13  7  30 

Virginis=  13  14  47 

Hydrae   =  13  34  37 

Jli/dnie   =  1  ;>  30   1  .s 


Magnitude 
Gould  Sawyer 

24     1.9 

4.2 

4.2 

15  30.1 

4.5 

4.65 

17  36.9 

5.3 

5.0 

22  26.9 

5.3 

5.35 

19   16.6 

5.7 

5.6 

19   16.5 

o.S 

5.65 

18  .50.0 

6.4 

6.4 

22  49.0 

6.6 

6.6 

22  :>s.:* 

7.0 

6.85 

T  11  K     A  S  T  U  O  N  0  M  1  C  A  L     J  0  L:  U  N  A  L 
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NEW  ASTEROIDS. 

A  planet  of  the  KUli  inaguilude  was  discovered  b_v  Palisa,  at  Vienna,  in  tiie  position 
All''.  IT.JO  Oi-.  M.T.         It  =  23''  0'"  28",         8  =  — 2°  24'.         Daily  motion,  — 40'  in  «,  and  3'  soiitliward. 

A  planet  of  tlie  13lli  magnitude  was  discovered  by  Ciiaklois,  at  Nice,  August  19.     Its  position  wa»  : 
Au<T.  21.4749  Gr.  M.T.  «  =  22''  19'"  r)4'.4,         8  =:  — 12°  20'  24".  Daily  motion,  — 13'  in  u.  and  C  soulliwanl. 

These  are  piobablv  Nos.  29j  and  296. 


NEW  ASTRONOMICAL    WORKS. 


Catalogue  of  8241  Stars  between  0°  50'  and  5°  10'  of  twrlh  declina- 
tion (1855;  for  the  Epoch  1875,  deduced  according  to  the  rroyramme 
of  the  Astronomische  Gesellschaft,  at  the  Dudley  Observatory  of 
Albany,  by  Lewis  Boss.  Published  by  the  Astronomische  Gesell- 
schaft, Leipzig,  1890. 

On  tlie  title-page  this  work  is  denoted :  Catalog  der  Astro- 
nomischen  Gesellschaft,  Erste  Abtheilung,  Vierzehntes  Stiick.  The 
present  cat.iloifue  contains  for  the  Albany  Zone,  results  obtained 
under  the  well  known  programme  of  the  AstronomiscJie  Gesell- 
schiifl,  formulated  more  than  twenty  years  ago. 

Tlie  instrument  employed  was  the  Pistor  and  Martins  .Circle  of 
the  -Ubaiiy  Observatory  (telescope  S-in.  aperture).  The  position  of 
each  star  in  the  catalogue  depends  upon  at  least  two  observations 
in  each  coordinate;  and  for  nearly  all  stars  supposed  to  be  brigliter 
than  8'".0  the  number  of  observations  is  three  or  more.  The  cata- 
logue contains  several  hundred  stars  in  addition  to  those  of  the 
programme.  The  probable  error  of  a  single  observation  is  given  as 
±0\03e  and  ±0".55  for  R.  A.  and  Decl.  respectively.  Special  in- 
vestigations indicate  tliat  the  published  catalogue-positions  require 
the  correction ; 

—ONCOST  (itf— 4)  —  O'.OOIOG  ^M—i)- 
in  wliich  J/  denotes  the  magnitude  of  the  star  observed. 

The  observations  are  strictly  differential,  and  are  based  upon  the 
standard  positions  of  Publ.  XiV  der  Astr.  Ges.  The  history  of 'the 
■work  and  metliods  of  observation  and  computation  are  set  forth  in 
the  Introduction,  wliicli  contains  also  a  "  Register  of  Zones,"  giving, 
for  each  zone,  the  date  and  most  notewortliy  general  features  of 
observation.  Tlie  Introduction  also  summarizes  the  results  of  a 
comparison  of  the  .-Vlljany  determinations  with  those  of  Bhadley, 
D'.VcELET,  PiAZzi,  Lalaxde  (Zoues),  BE.SSEI,  (Zones),  Stkuve, 
KiiMKEij  and  Scii.jelleuup.  The  detailed  results  of  tliese  compari- 
sons are  contained  in  special  tables  following  the  catalogue  proper. 

In  Part  I  of  the  Xutesto  the  Catalogue  is  presented  the  discussion 
of  422  stars  for  proper  motion,  and  other  suspected  motions  are 
alluded  to  in  the  final  notes. 

The  arrangement  of  the  catalogue  proper  is  explained  at  the  end 
of  the  Introduction,  and  at  tlie  foot  of  each  page  are  given  short 
notes  relating  to  anomalies  in  estimates  of  magnitude,  or  among 
observed  positions,  estimates  of  position-angle  and  distance  for 
double-stars  noticed  during  observation,  and  to  other  matters, 
while  longer  notes  are  to  be  found  at  the  end  of  the  catalogue. 


Catalog  von  14fiso  Sternen  zwischen  54°  55'  iind  C5°  10'  nordlieher 
Declination  1855,  fur  das  Aequinortiam  1875,  nach  lleuharhtungen 
am  H-fiissiger  Iteichenhach  'schen  I'assagen-instrument  der  Ilelsing- 
forser  Sterntrarle,  aufder  Sterntcarte  der  I'nirersital  Jlehingfors  in 
den  Jahren  ISBO  bis  187G  und  auf  der  llerzoglichen  Sternicarte  zti 
Ootha  in  den  Jahren  1877  bis  1880,  von  A.  Kruegeii.  Herausgege- 
ben  von  der  Astronomischen  Gesellschaft.     Leipzig,  1890. 

This  work  is  designated:  Catalog  der  Astronomischen  Gesellschaft, 
Erste  Ahthiilung,  Viertes  StiicK:  The  observations  upon  wlilch  it 
depends  were  the  earliest  published  of  the  great  international  series 
of  which  they  form  a  part;  and  this  corresponding  catalogue  is  the 
second  in  order;  this  and  that  of  Prof.  Boss  being  distributed 
together. 

Tlie  removal  of  Prof.  Kruegek  from  Ilelsingfors  to  Gotha  in 
187G,  while  it  entailed  a  cliange  of  latitude  tor  the  observer,  did  not 
require  any  change  of  instrument,  and  does  not  appear  to  have  im- 
paired, in  the  least,  the  unity  of  the  system  of  observations.  The 
instrument  which  he  liad  u.sed  at  Helsingfors  was  transferred  to 
Gotha,  whence  it  was  returned  to  its  old  position  in  1881,  and  used 
there  for  tilling  out  a  few  incomplete  observations. 

The  transit-instrument  has  an  aperture  of  GCl'aris  lines  (149  9nn»), 
and  was  equipped  with  an  auxiliary  arc,  of  15  inches  radius,  the 
divisions  of  which  were  elaborately  studied,  as  well  as  with  a  slow- 
motion  apparatus  for  declination.  All  the  transits  were  observed 
by  the  method  of  eye-and-ear. 

Prof  Kucix.Eii  has  determined  the  probable  error  of  a  single  ob- 
servation as  iO'.lOl  and  ±0".51  at  Helsingfors,  and  as  ±0».125 
and  ±0''.7G  at  Gotha,  for  a  mean  declination  of  CO-  and  3  or  4 
threads.  These  values  include  the  effect  of  any  uncertainty  in  the 
determining  stars;  and  would  moreover  be  considerably  reduced 
by  special  discussion  of  some  of  the  individual  zones.  He  has, 
furthermore,  convinced  himself  that  the  brightness  of  the  star  pro- 
duced no  essential  efiVct  upon  the  observed  time  of  transit. 

.-\11  the  stars  in  tlie  Diirchmiisterung.  to  the  magitude  y".l  inclu- 
sive, were  placed  upon  the  working-list,  and  all  these,  with  few- 
exceptions,  were  observed.  So,  too,  were  all  those  stars  for  which 
an  appended  letter  in  the  DM.  showed  that  earlier  observations 
existed.  A  li.st  of  the  omitted  stars,  which  fall  within  these  cate- 
gories Is  given  in  the  Introduction;  also  a  special  list  of  the  43 
stars  observed  in  the  cluster  h  Persei;  and,  furthermore,  a  table  for 
correcting  tlie  secular  variations  on  account  of  proper  motion,  for 
258  stars,  for  which  alone  this  effect  is  appreciable. 

Prefixed  to  the  catalogue  is  a  table  for  computing  the  third  term 
in  the  precessions,  witli  arguments  at  intervals  of  10'"  in  right- 
ascension,  and  of  single  degrees  in  declination.  All  known  proper 
motions  of  the  stars  in  the  catalogue  are  given  in  the  notes. 
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SUPPLEMENT    TO    "SECULAR   AXD    LOXG-PEKIOI)    INEQUALITIES    IX    THE 

MOOX'S   MOTIOX." 


By    JOHN     N.     STOCKAVELL. 


lu  miiiil)ei's  220  and  221  of  tliis  Joiiniul  I  have  given  au 
investigation  of  the  secular  inequalities  in  the  motion  of  the 
moon's  perigee ;  and  have  obtained  a  I'esult  differing  largelj' 
from  the  values  found  by  previous  investigators.  I  have 
also  applied  the  value  tiiere  found  to  the  discussion  of  the 
most  celebrated  solar  eclipses  of  ancient  times,  and  have 
obtained  results  which  correspond  well  with  the  historical 
narratives  of  the  same  events  which  have  been  preserved 
to  our  times.  The  purpose  of  this  supplement  is  to  exhibit 
the  effect  of  this  theoretical  change  in  the  motion  of  perigee 
upon  the  accurate  ol)servations  of  modern  times. 

The  general  effect  of  the  cliange  thus  introduced  was 
brieflj'  stated  in  the  previous  investigation  ;  and  it  now  only 
remains  to  determine  the  actual  value  of  the  corrections  to 
tile  moou's  longitude  thus  arising,  at  certain  specified  times 
:ind  places  of  the  moon  in  her  orbit.  On  account  of  the 
very  slow  changes  in  the  element  referred  to,  it  is  not 
necessary  to  compute  the  resulting  effects  on  the  moon's 
longitude  for  very  short  intervals  of  time  ;  and  I  have  given 
in  the  accompanying  table,  the  values  of  the  corrections  to 
the  moou's  longitude  as  derived  from  H.\nskn's  Tables  de  la 
Lune,  for  four  points  of  the  moon's  orbit  at  intervals  of  one 
hundred  anomalistic  revolutions  of  the  moon,  which  amounts 
to  about  7.544  years.  The  four  points  of  the  orbit  to  which 
tlie  corrections  given  in  the  table  apply,  correspond  to  the 
respective  mean  anomalies  of  0°,  90°,  180°  and  270°;  and 
the  dates  to  which  the  last  three  mentioned  anomalies  cor- 
respond, may  be  found  by  adding  a  period  of  one-fourth, 
line-half  and  three-fourths  of  an  anomalistic  revolution  to  the 
date  given  in  the  first  column  of  the  table,  which  corres|>onds 
to  the  mean  anomaly  0°.  In  the  table,  columns  2  to  ,')  give 
the  whole  correction  arising  from  the  change  in  the  motion 
of  the  perigee.  Column  6  gives  the  correction  due  to  the 
change  in  the  secular  equation  of  the  mean  longitude  ;  while 
columns  7  to  10  give  the  whole  change  in  the  tongitude  arising 
from  both  causes.  The  table  covers  a  period  of  2.")6  years, 
or  from  the  year  1650  to  the  year  190(5,  and  is  amply  sutli- 
cieut  for  showing  the  effect  of  the  theoretical  changes  in  tlie 


lunar  elements  upon  the  moon's  calculated  place  in  mo<lern 
times. 

In  this  connection  it  may  not  be  amiss  to  call  attention  to 
a  notice  of  the  subject  under  discussion  which  appeared  in 
the  August  number  of  Tlie  Observatory .  The  writer  of  the 
notice,  Mr.  W.  T.  Lynn,  indulges  in  some  criticisms  which 
do  not  appear  to  me  to  be  well  founded,  and  to  these  I  wisli 
to  briefly  call  attention. 

In  speaking  of  the  eclipse  of  Tiiai.es,  Mr.  Lynn  remarks : 
"  The  narrative  in  Herodotus  seems  l(.>  imply  that  the  battle 
which  was  stopped  by  the  eclipse  took  place  whilst  Cva.\.\res 
still  reigned  over  Sledia  .  .  .  .  "  Now  I  am  unable  to  see 
that  any  inference  at  all  is  implied  in  the  narrative  of  Her- 
ODOTi's.  In  his  narrative  concerning  the  eclipse  he  explicitly 
states  that  Cv.\xakes  was  reigning :  and  later  in  his  history. 
Art.  103,  he  says  "  It  was  he  (Cyaxarks)  that  fought  with 
the  Lydians,  when  the  day  was  turned  into  night  as  they 
were  fighting  ;  and  who  subjected  the  whole  of  Asia  above 
the  river  Halys." 

Pi.iny's  alluaion  to  the  eclipse  seems  to  have  been  made 
for  an  entirely  different  purpose  than  the  fixing  the  date  of 
the  eclipse.  The  chapter  of  his  work  in  which  it  occurs  is 
devoted  to  an  account  of  the  discoveries  which  had  previously 
been  made  in  astronomy  ;  and  among  these  discoveries  was 
the  art  of  predicting  eclipses.  Now,  notwithstanding  the 
fact  that  IIerodotvs  and  Pi.inv  perfectly  agree  in  regard  to 
the  prediction  of  the  eclij)se  by  Tiiai.e.-,  Mr.  Lynn  feels 
justified  in  rejecting  that  fact,  for  the  simple  reason  that  he 
is  unacquainted  with  the  method  by  which  the  prediction  was 
made.  And  yet  he  iiresumes  ti>  decide  in  favor  of  the  date 
which  I'l.iNV  incidentally  gives,  notwithstanding  the  fact  that 
he  (I'liny)  lived  at  an  epoch  more  X\vm\  five  Itnudred  tjears 
later  than  IIkrohotis.  and  his  sources  of  information  were 
(irobably  much  less  reliable. 

In  regard  to  the  eclipse  which  was  seen  at  Sardis  while 
Xerxes  was  on  the  way  to  Greece,  and  which  occurred  in 
the  same  year  in  which  the  battle  of  Salamis  was  fought.  1 
am  aware  that  it  has  long  been  a  subject  of  controversy. 
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simply  for  llie  reason  that  astronomers  have  been  nnaljle  to 
lind  any  sohir  eclipse  whatever  visible  at  Sardis  about  that 
time.  And  the  single  fact  that  my  corrections  to  the  ele- 
ments of  the  moon's  motion  are  such  as  to  cause  an  eclipse 
at  Sardis,  which  satisfies  all  the  historical  traditions  con- 
cerning the  event,  is  of  vast  importance,  not  only  as  a  great 
triumph  of  science,  but  also  as  an  interesting  verification  of 
the  statements  of  the  historian.  For  Tiilcvdides  tells  us 
that  the  Persian  invasion  of  Greece  by  Xek.xes  preceded  the 
l)eginiiing  of  the  Pelopounesian  war  by  fifty  years  ;  and  the 
eclipses  of  Xekxes  and  Perici.es  confirm  the  statement  of 
the  historian  in  the  most  satisfactory  manner.  It  therefore 
follows  that  the  Persian  war  occurred  one  year  earlier  than 
lias  been  heretofore  supposed  by  modern  historians. 


Lastly,  a  word  in  regard  to  the  eclipse  of  Homeh.  Mr. 
Lvxs  calls  attention  to  the  fact  that  the  darkness  enshrouded 
only  those  who  were  contending  for  the  body  of  Patuoclus. 
But  this  is  simply  quoting  Homer  against  Homer  ;  for  the 
poet  tells  us  a  little  later,  when  it  was  proposed  to  inform 
Achilles  of  the  death  of  Patroch's,  the  Greeks  were  unable 
to  find  a  suitable  messenger  for  the  purpose  because  the 
whole  Jield  ^yas  enveloped  in  darkness.  It  is  moreover  hardly 
to  be  expected  that  all  the  poetic  details  of  the  occasion  are 
given  with  suflicieut  precision  and  clearness  to  satisfy  a 
prosecuting  attorney ;  but  nevertheless,  the  main  fact,  that 
a  sudden  and  unusual  darkness  enveloped  the  whole  field  of 
battle  remains  undisputed. 


Taule  .Showing  the  Corrections  to  the  Moon's  Longitude  as  Given  by  Hansen's  Tables,  Arising  from  the  Changes 
IN  THE  Secular  Equation  of  the  Mean  Motion,  and  in  the  Motion  oe  the  Perigee. 
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COMETS   1889IAXDII,    AND   SOME   SL'(JGESTIOXS  AS   TO    THE    POSSIBILITY 
OF   SEEING    THE   SIIOKT-PERIOD   COMETS  AT  APIIELIOX. 

By  E.  E.  BARNARD. 


Two  comets  lu-e  now  uiuler  observation  at  this  ObservatoiT 
wliicli  call  for  some  remark  concerning  their  singularly  long 
duration  of  visibility.  These  are  Comets  1889  I  and  II, 
liotb  of  which  were  discovered  here,  the  first  on  .September 
2,  1888,  and  the  other  on  March  31,  1889. 

The  great  comet  of  1811  has  remained  until  now  as  having 
the  longest  known  duration  of  visibility.  It  was  observed 
for  a  period  of  16  months  and  20  days.  Both  of  the  comets 
mentioned  above  have  exceeded  this,  and  promise  to  remain 
within  sight  for  some  time  to  come.  Both  of  them  were  ob- 
served again,  Sept.  7,  with  the  3G-inch  telescope. 

Comet  1889  I. 
AVith  the  aid  of  Dr.  Beubekicii's  epheraeris,  this  object 
has  been  observed  a  number  of  times  this  year  with  the 
12-iuch  equatorial.  It  was  last  observed  with  it  for  position 
on  August  7  and  11,  though  it  was  seen  on  August  17  and 
18,  after  which  time  it,  [jassed  beyond  the  reach  of  that  in- 
strument. It  had  tlui^  l)eeu  under  observation  with  the 
12-inch  for  two  years,  lacking  15  days.  On  August  17  I 
observed  it  with  the  36-inch  and  measured  the  following 
position  : 

a  app't  =   16''  51'"  28". SO,  fi  app't  =  —8°  4'  40". 2. 

At  Mt.  Hamilton  M.T.,  1890  August  17''  8''  59"'  3". 

In  the  great  telescope  the  comet  was  round,  and  very 
gradually  a  little  brighter  in  the  middle,  with  no  trace  of  a 
nucleus.  It  was  quite  consi)icuous,  and  I  estimated  that  it 
could  have  been  easily  observed  if  it  had  been  oulj'  one-tenth 
as  bright.  It  was  of  about  the  13.5  or  14  magnitude. 
While  under  observation  it  passed  centrally  over  a  15-niag- 
nitude  star,  which  shone  through  it  like  a  nucleus.  From 
its  present  appearance,  it  would  appear  that  the  comet  may 
still  be  visible  in  the  great  telescope  a  year  hence. 

At  the  observation  of  August  17  the  comet's  distance  from 
the  earth  was  6.00  times  the  earth's  mean  distance  from  the 
sun,  and  6.25  times  that  unit  from  the  sun  itself.  No  other 
comet  has  ever  been  seen  at  such  a  vast  distance. 

According  to  Dr.  Behhehicii,  the  late  observations  fully 
confirm  the  hyperbolic  character  of  the  orbit. 

Comet  18.S'J  II. 
Through  the  kindness  of  Dr.  BEKitEiucii,  in  sending  nie 
an  ei)hemeris  in  mainiscriiit,  I  have  been  enabled  to  find  the 
lomet  with  the  great  telescope.  It  was  carefully  searched 
for  several  times  this  year  with  the  12-incli,  but  it  was 
always  too  faint  for  that  instrument.  On  August  23  it  was 
looked  for  with  the  36-inch  refractor,  and  after  some  search 
was  found  quite  close  to  the  ephemcris  place.  The  follow- 
ing filar-micrometer  positi'on  was  obtained  : 


«  app't  =  22''  57'"  9'.77,  H  app't  =  —16'  45'  V'.'J. 

At  Mt.  Hamilton  M.T.,  1890  August  23"  12"  57'"  31*. 

It  was  very  small  and  faint,  and  sensibly  round,  with  nfi 
nucleus.  It  was  estimated  to  be  of  the  14.5  or  15  magnitude. 
The  motion  towards  the  southwest,  during  the  observation, 
was  very  sensible  both  to  the  eye  and  in  the  measures. 
Another  observation  was  obtained  of  it  on  August  24.  This 
comet  had  not  been  seen  since  November  1889. 

These  observations,  it;  will  be  seen,  also  carrj'  this  comet 
beyond  the  duration  of  visibility  of  any  previously  known. 
It  will  be  possible  to  carry  it,  at  least,  two  months  longer. 
At  the  above  observations  the  comet's  distance  from  the 
earth  was  4.07,  and  5.06  from  the  sun,  which  is  also  a 
greater  distance  than  any  other  comet  was  ever  visible. 

Comments. 
These  observations,  besides  showing  the  wonderful  power 
of  the  great  telescope,  are  highly  suggestive,  as  will  be  seen 
from  the  following  table  of  the  aphelion  distances  of  the 
short-period  comets  which  have  been  recognized  at  more 
than  one  return  (excepting  Tuttle's). 

AriiEi.ios  DisTAN"CES  OF  THE  Siiokt-Rekiod  Comets. 


Encke's, 

4.10 

Temple's  II. 

4.66 

Temple's  I, 

4.82 

Swift's  (1880), 

5.14 

Winkecke's. 

5.50 

Buorsen's, 

5.66 

D'Akhest's, 

5.72 

F.vye's, 

5.92 

BlELAS'S. 

6.19 

By  examining  this  table,  it  is  at  once  seen  that  comet 
1889  I  is  now  being  observed  at  a  greater  distance  than  it  is 
possible  for  any  one  of  the  above  periodic  comets  ever  to 
attain.  Comet  1889  I  was  never  a  large  or  a  si)ecially  bright 
object,  and  was  always  much  Vielow  naked-eye  visibility. 
Winnecke's  comet  at  its  return  in  1886  was  as  bright  as  it. 
and  so  also  was  Kncke's  at  some  of  its  returns.  The  others 
I  am  not  familiar  with.  Of  course  comet  1889  I  has  alwjiys 
been  very  distant  from  us.  It  would  seem  highly  probable, 
therefore,  that  some  of  the  short-period  comets  ought  to  W 
seen  at  aphelion,  and  hence  throughout  their  entire  orbits. 

I  would  gladly  make  a  search  for  Winneckk's  or  Enckk's 
comet  if  an  accurate  ei>hcnieris  can  be  furnished.  It  ir- 
necessary  that  the  place  be  pretty  closely  known. 

It  woidd  be  well  to  make  a  renuirk  here  on  the  observation 
of  couiets  when  near  the  lime  of  their  disappearance. 

Observers  as  a  general  rule  neglect  comets  as  soon  as  tliev 
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Iiecouie  faint  or  dillicult  —  llie  very  time  when  positions  are 
extremely  valuable.  While  the  comet  is  bright,  everybody 
observes  it,  but  as  soon  as  it  becomes  a  little  difliciilt,  it  is 
at  once  droi)peil  by  the  majority  of  ol)servers.  Here,  it  has 
been  tlic  rule  to  take  up  a  comet  as  soon  as  it  becomes  faint 
and  dilliciilt,  when  it  is  likely  to  be  neglected  elsewhere,  and 
to  observe  it  as  long  as  it  can  be  seen. 

In  receding  from  the  sun,  a  comet  becomes  very  .small  — 
all  the  nebulosity,  except  the  central  brightness,  disappear- 
ing absolutely.  What  remains  in  view  usually  does  not  ex- 
ceed 4"  or  5"  in  diameter.  It  may  be  ditlicult  to  see,  but  it 
can  be  bisected  with  great  exactness,  indeed  with  as  much 
oi'  with  more  accuracy  than  the  average  l)right  comet  devoid 
of  a  nucleus. 

J^/^  Ilumiltoii,  ISUO  September. 


The  accurate  measurement  of  these  faint  comets  is  very 
delicate  work,  and  re<|uires  the  most  perfect  illumination  of  the 
wires.  Ring  or  bar-micrometer  observations  woidd  give  com- 
paratively very  indiflferent  results.  Our  micrometer  threads 
are  illuminated  by  the  very  ingenious  device  invente<l  by  Mr. 
BiRSHAM,  and  which  is  applied  to  all  Clark  micrometers. 
With  this  method  the  ilhimiiiation  of  the  wires  can  be  varied, 
while  the  observation  is  going  on,  from  the  maximum  Ijright- 
ness  to  total  extinction.  This  is  more  necessary,  perhaps, 
in  the  observation  of  a  faint  comet  than  in  any  other  kind 
of  micrometrical  work.  1  find  this  method  perfect  for  such 
work,  and  it  leaves  nothing  to  be  desired.  Tlie  bisections 
of  a  comet  which  may  be  visible  only  by  averted  vision,  or 
by  glimpses,  can  be  made  with  perfect  accuracy. 


ELEMEIs^TS   AND  EPHEMERIS   OF   COMET  c  1890  (Dexxix>^^, 

By  lewis  boss. 

The  elements  of  Comet  c  181)0.  herewith  transmitted,  were 
computed  from  a  normal  place  of  July  27.0,  the  com[)ositiou 
of  which  appears  in  a  table  below,  —  the  mean  between  a 
Strassburg  observation  of  Aug.  14.4  combined  with  an  Al- 
bany observation  of  Aug.  15.6, — and  the  mean  of  two  Albany 
observations  of  Sept.  4.6. 

T  =  1890  Sept.  24.4974  Greeuw.  :M.T. 
a  =  163°   r  32". 6) 
S2   =   100    7    33  .2  [•  1890.0 
i  =     98  56    15  .9) 
log  5  =  0.100382 
The  outstanding  residuals  in  the  sense,  C — O,  for  the  ob- 
servations emploj^ed  in  the  calculation  of  elements  are  as 
follows  : 

G.M.T. 


Jrt  cos  [V 


Jd 


Nice 

.Tnlv 

24 

11 

—0.1 

—3 

Nice 

2.') 

9 

—0.2 

+  8 

Vienna 

27 

12 

—0.2 

—3 

Strassburg 

27 

12 

—0.4 

— 5 

Vienna 

28 

10 

40.1 

—2 

Vienna 

29 

10 

0.0 

— 5 

Strassburg 

Aug. 

14 

10 

+  0.1 

0 

Albauv 

15 

15 

—0.2 

0 

Albanv 

Sept 

4 

14 

+  0.2 

— 1 

Albauv 

4 

15 

—0.3 

+  2 

The  equations  for  1890.0  of  the  comet's  heliocentric  equa- 
torial coordinates  are  : 

X  =  /•[9. 367404]  sin  (i-+114°  2'  4(;".ll) 
?/  =  )-[9. 989110]  sin(f  +  275  12  7.8) 
z  =  j-[9. 998828]   sin(«+186     9    30  .9) 

Takiiig  July  27.0  for  the  initial  date,  the  theoretical  bright- 
ness, by  the  customary  formula, -is  unity  for  October  12, 
being  1.8  for  Sept.  15.  On  Oct.  29  this  quantity  becomes 
two-thirds;  on  Nov.  16,  one-half;  and,  on  the  last  date  of 
the  subjoined  ephemeris,  four-tenths.  Considering  all  the 
circumstances,  it  is  very  doubtful  whether  observers  in  either 
hemisphere  will  be  able  to  see  this  extremely  faint  comet  iir 
November. 


Kl'IlKMKlMS  lO 

;  (litK 

:nwi(  11 

MiiiNi<;irr. 

1S90  G.M.T. 

.\pp.  a 

.\|)|>.  (V 

I.i^'  .• 

lojiA 

Sept.  15 

15 

:)0"-21.'J 

+  4' 

36  4  7 

0.1(1296 

0.1 2505 

16 

15 

51  16.6 

3 

21  :;;) 

17 

15 

52  11.4 

2 

7  57 

0.10195 

0.1. 3336 

18 

15 

53  6.4 

+  0 

55  20 

19 

15 

54  1.6 

—  0 

15  13 

0.10118 

0.14198 

20 

15 

54  56.9 

1 

24  41 

21 

15 

55  52.4 

2 

32  46 

0.10067 

0.15082 

22 

15 

56  4.S.0 

3 

39  28 

23 

15 

57  43.9 

4 

44  48 

0.10041 

0.15983 

24 

15 

58  39.9 

5 

48  47 

25 

15 

59  36.1 

6 

51  27 

0.10041 

0.16895 

26 

16 

0  32.5 

7 

52  50 

27 

16 

1  2!).  2 

8 

52  55 

0. 10067 

0.17811 

28 

16 

2  26.0 

9 

51  46 

29 

16 

3  23.1 

10 

49  23 

0.10118 

0.18729 

30 

k; 

4  20.4 

11 

45  49 

Oct.   1 

16 

5  18.0 

12 

41   5 

(1.10195 

0.19642 

2 

16 

6  15.8 

13 

35  13 

3 

16 

7  14.0 

14 

28  15 

0.10297 

0.20549 

4 

16 

8  12.4 

15 

20  11 

5 

16 

9  11.1 

16 

11   5 

0.10423 

0.21445 

6 

16 

10  10.2 

17 

0  58 

7 

16 

11  9.6 

17 

49  51 

0.10573 

0.2232S 

8 

16 

12  9.4 

18 

37  47 

9 

16 

13  9.5 

19 

24  47 

0.10747 

0.23195 

10 

16 

14  10.0 

20 

10  52 

11 

16 

15  10.9 

20 

56  5 

0.10944 

0.24045 

12 

16 

16  12.2 

21 

40  27 

13 

16 

17  14.0 

22 

23  59 

0.11163 

0.24877 

14 

16 

18  16.1 

23 

6  43 

15 

16 

19  IS. 8 

23 

48  42 

0.11404 

0.25689 

16 

16 

20  21.8 

24 

29  55 

17 

16 

21  25.4 

25 

10  25 

0.11664 

0.26479 

21 

16 

25  44.3 

27 

45  38 

0.12244 

0.27994 

25 

16 

30  11.6 

30 

11  5 

0.12894 

0.29419 

29 

16 

34  48.0 

32 

27  59 

0.13607 

0.30752 

Nov.  2 

16 

39  34.8 

34 

37  29 

0.14375 

0.31994 

6 

16 

44  32.7 

36 

40  35 

0.15191 

0..33146 

10 

16 

49  43.2 

38 

38  9 

0.16046 

0.34211 

14 

16 

55  6.9 

40 

30  58 

0.16934 

0.35191 

18 

17 

0  44.8 

42 

19  42 

0.17848 

0.36090 

22 

17 

6  38.0 

—44 

4  57 

0.18783 

0.36910 
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OBSERYATIOXS   OF   COMETS, 

MADi;    WITH    TlIK    15-IXClI    KCJUATOKIAL   OV   TIIK   IIAIIVARD   COI.Il'iiK   iill>ri:  va  T(  iK  V. 

Bv  O.  C.  AVENDELL,  Assistant. 
[Communicated  by  Prof.  Edward  C.  riCKERisG,  iJirecior.j 


Cambridge  JI.T. 


Xo. 
Comp. 


Ja         j        z/S 


# 


's  apparent 


■  ..1 


June   10     11  36   18 


Oct. 


Nov. 


Dec. 


26 
26 
29 

13 
16 
19 
21 
23 
26 
27 
14 
16 
17 
18 
20 
21 


24 
Feb.  11 
12 
15 
20 
21 
17 
18 


Jan. 


Mar. 


Oct. 


Nov. 


9  34  48 

8  5  39 

8  37  36 
7  41  51 

7  45  34 

9  4  0 

8  14  4 

8  54  12 

9  7  26 
8  21  9 
8  25  49 

10  23  31 

10  10  14 

10  10  14 

10  39   1 

10  39   1 

8  16  2 

8  40  29 

9  35  24 

8  58  13 
10  13  53 

9  24  21 
9  3  20 
9  27  32 
9  24  28 
8  9  6 
8  11  29 
8  26  55 

8  41   1 

9  45  47 

7  55  4 

8  5  43 
8  28  3 
8  13  2 
8  43  41 
8  37  28 

8  38  10 

9  15  37 
8  47  34 
S  ,"iO  17 


COMKT  1889  I. 
+  o"'  3.'21  I  —  6  59".3  I  ll" bO  3()Arj   !  —  6°54'23''4  I  ,<9.027  I  0.824 


CoMiCT  1889  V. 


1 

7 

2 

5 

3 

6 

4 

3 

5 

5 

6 

5 

7 

1 

8 

3 

9 

5 

10 

5 

11 

5 

12 

5 

13 

5 

14 

5 

15 

3 

16 

3 

17 

6 

18 

4 

19 

5 

20 

5 

21 

5 

22 

0 

23 

4 

24 

5 

25 

5 

26 

5 

27 

6 

28 

5 

29 

6 

30 

6 

31 

5 

32 

4 

33 

8 

34 

10 

35 

7 

36 

7 

37 

5 

38 

6 

39 

5 

40 

r> 

— 0  19.99 

—  1  44.10 
+  0  39.83 
+  0  27.27 
+  0  16.38 
—2  0.88 
+  0  57.55 
+  0  55.92 
—0  49.94 

—  1  17.00 
—0  36.58 

—  1  11.98 
—2  14.03 
—3  21.66 
— 1  17.92 
—2  25.31 
+  2  22.23 
—0  42.82 
+  1  0.73 
—2  37.66 
+  1  34.82 

—  1  16.74 
—0  43..38 
+  1  25.82 
+  2  22.26 
—3  51.90 
+  1  36.28 
-1  14.10 
+  0  2.37 
+  1  28.31 

—  1  2.48 
—0  24.11 
—0  37.91 
+  0  41.15 
— 0  4:28 
+  1  35.63 
+  1  32.19 
— 0  1.75 
—0  50.09 
+  1  6.74 


—  4  16.5 
+   5  43.5 

—  3     0.9 
+    1  40.7 

6  45.6 


+ 


—  4  30.0 
+  7  27.6 
+   7  10.5 

—  7  16.9 

—  9  37.1 

—  1     3.8 

—  5   16.6 

—  7     6.1 

—  4   13.1 


+   2 
+   5 


39.1 
29.5 

—  2  7.5 

—  6  7.1 

—  10  57.6 

—  1  54.5 

—  4  5.0 

—  7  59.2 
+  7     1.4 

—  5  12.6 
+  1  26.0 
■i-  4  51.8 

—  4  29.2 
+  7  25.S 

—  5  50.2 
+  2  27.3 

—  6  7.3 

—  3  36.8 

—  2  29.1 
+  8  17.1 
+  7   16.1 

—  4  32.8 
+  1  46.6 
+  6  34.5 

—  9  46.7 

—  1  8.0 


23  46 

23  41 

23  41 

23  40 

23  40 

23  40 

23  42 

23  42 

23  47 

23  47 

23  48 

23  53 

23  55 

23  55 

23  56 

23  56 

23  59 

0     8 

0   15 

0   19 

0  23 

0  25 

0  28 

0  32 

0  3.-! 

1  1 
1  5 
1  6 
1  ,S 
1    II 


42.17 
22.69 

8.18 
55.61 
44.72 
15.56 
40.88 
39.25 
13.67 
51.18 
31.59 

9.52 
46.06 
46.05 
42.17 
42.40 
30.03 

6.95 
20.28 

8.01 

8.31 
48.52 
33.18 
47.70 
4J.14 
49.93 

4.81 
45.44 
25.07 
48.93 
22.06 

3.12 
27.93 
56.63 
46.96 
12.91 
22.21 
15.83 
29.15 
25,9C> 


C'liMrvxioN  TO  CoMKT  1889  V. 


8  9  59 

1 

4 

8  24  34 

2 

/ 

11  19  55 

3 

.'} 

9  27  58 

4 

o 

9  51  32 

5 

6 

8  4  10 

6 

5 

8  4  29 

7 

4 

+  0  34.75 

4-0  34.88 

-f  0  32.55 

—  1  43.16 

—0  33.62 

— 1  2.06 

— 0  22.12 


+  9 

29.1 

+  9 

30.3 

+  10 

17.3 

—  1 
1 

4  7.2 
45  () 

21.2 

+  1 

8.0 

—  4 

—  4 

—  4 

—  3 

—  3 

—  3 

—  1 
2 

—  0 

—  0 

—  0 
+  0 
+  0 
+  0 
+  1 
+  1 
+  1 
4-  2 
+  3 
+  4 
+  4 
+  5 
+  5 
4-  6 
4-  6 
4-  9 
4-10 
4-U) 
4-10 
4-10 
4-11 
4-11 
4-11 
4-14 
4-15 
4-15 
4-16 
4-16 
4-20 
-(-•.'0 


58  42.1 
9  20.4 
4  26.5 

59  44.9 

54  40.0 
27  0.5 
59  48.7 

0  5.8 
47  57.3 

39  47.5 

31  14.2 

23  14.5 
51  13.9 

51  12.6 
0  59.1 
0  55.2 

29  6.5 
45  21.6 

52  54.5 

24  45.5 
57  39.4 
19  2.9 

40  58.3 
18  47.2 

25  25.8 
47  9.7 

9  56.1 
21  13.4 

32  37.9 

55  33.4 

6  3.1 
17  20.8 

39  49.4 

56  27.6 

7  13.1 
38  32.6 

30  6.9 

40  20.5 
26  20.0 
:M  .'i.s.T 


X9.196 

n9.330 

)<9.181 

M9.382 

n9.382 

n8.834 

u8.713 

8.394 

9.274 

8.446 

8.627 

9.449 

9.437 

9.437 

9.503 

9.503 

8.996 

9.267 

9.475 

9.407 

9.563 

9.497 

9.463 

9..^>23 

9.523 

9.464 

9.481 

9.515 

;i.542 

9.619 


23  41  3.09 

23  41  3.22 

23  41  0.89 

2:!  40  33.28 

23  47  29.99 

23  48  6.12 

23  48  46.05 


—  3  51 

—  3  51 

—  3  51 

—  3  24 

—  0  45  26.0 

—  0  37  31.6 

—  0  29     2.4 


55.3 
8.3 
17.7 


..9.382 
M9.S82 
9.224 
).S.S34 
S.446 
8.627 
9.449 


0.810 
0.803  ' 
0.804 
0.802  i 
0.802  : 
0.801 


0.780 


0.768 


9.470 

9.49S 

9:544 

9.582 

9.61.'. 

9.61-'i 

9.628 

9.652 

9.665 

'.i.(;r,7 

79 


0.699 


0.690 
0.690 
0.698 
0.685 


0.M02 
0.802 
0.801 
0.801 
0.779 
0.778 
0.772 
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Cambridge  M.T 

* 

No. 
Comp. 

^ —  *                  1                 »^'s  ap|)aiei)t 
Ja         1         //8         1             a 

s 

log 

for  a      1 

for.) 

Comet  a  1890  (Brooks,  March  19). 

IKKI              •! 

Mar.  21 

16 

.57 

35 

1 

6 

+  0  42."25 

—  5     4.9 

21      9  34.15 

+   6 

25 

30.4 

n9.594 

0.746 

24 

16 

57 

5 

2 

6 

+  1    27.08 

+    1    10.8 

21    10   10.44 

+   7 

40 

13.0 

«9.582 

0.737 

30 

16 

8 

39 

3 

5 

+  0  40.34 

—  0  15.2 

21    10  57.81 

+  10 

19 

49.4 

W9.612 

0.722 

Mav   21 

11 

1 

33 

4 

7 

+  0  20.60. 

+    1   52.7    .  20  16   13.85 

+  48 

31 

1.4 

«9.8I1 

0.476 

23 

11 

26 

58 

5 

5 

—2     3.27 

4-11   55.3 

20     8     9.48 

+  50 

29 

30.1 

«9.805 

0.281 

24 

11 

14 

21 

G 

5 

—  1    19.74 

+   2  51.7 

20     3  49.14 

+  51 

27 

17.0 

n9.819 

0.281 

June    9 

12 

5 

48 

7 

5 

—0  11.22 

+   7     1.8 

18     6  49.20 

+  63 

59 

58.8 

Ji9.304 

n0.501   : 

2.") 

11 

20 

40 

8 

4 

—2   15.57 

—13   15.4 

15  20  28.62 

+  64 

2 

28.9 

9.742 

jjO.358 

30 

12 

11 

31 

y 

4 

+  3  40.09 

+   5  49.5 

14  42  59.46 

+  61 

49 

54.1 

9.908 

0.000  ■ 

July      :> 

1  1 

.".(; 

21 

10 

r, 

+  2   19.53 

+    0  42.5 

13  57  53.00 

+  57 

2 

9.7 

9.896 

0.315 

11 

11 

s 

;!'.» 

1  1 

•"' 

+  1   4  7.64 

+    0   2.^.7    1    13  50  50.86 

+  55 

01 

9.5 

9.865 

0.157 

Co.met'&  1890  (CoGGiA,  J^dy  18). 

.Iiilv   21 

10 

29 

23 

1 

3 

+  2     4.89 

—  9  26.0        9  13     3.36 

+  42 

22 

7.7 

9.G44 

0.176 

99 

9 

23 

54 

2 

4 

—0  47.98 

—  3  27.8   1     9   19  54.02 

+  11 

37 

13.7 

9.487 

9.871 

23 

'.) 

16 

18 

3 

5 

—4  43.48 

+  4  46.6   1     9  26  45.66 

+  40 

4.S 

53.3 

9.446 

9.877  ' 

CoMKT  c  1890  (Denning,  July  23). 

1 

July   27 

13 

21 

25 

' 

5 

—4  41.49    1—10  38.1    1   15  13  41.73 

+  74 

16 

8.5 

0.203 

0.391 

Mean  Places  for  1S90.0  of  Comj)arison- Stars. 

Keel,  to 

s 

Ked.  to 

* 

a. 

app.  place 

app.  place 

Authority 

1 

17  50  "25'.  2  7 

+  l'.67 

—  7^    1   2o''9 

— 1''79 

Lam.  (—3  to  —9  Suppl.)  2508 

1 

itwa.o 
23  46  59.69 

+  2.47 

—  4  54"  41.4 

+  15.8 

\V,  23"  915 

2 

23  43     4.36 

+  2.43 

—  4   15  19.3 

+  15.4 

.Sj.  9844 

3 

23  40  25.92 

+  2.43 

—  4     1   41.0 

+  15.4 

«j.  9824 

4 

23  40  25.92 

+  2.42 

—  4     1  41.0 

+  15.4 

Sj.  9824 

5 

23  40  25.92 

+  2.42 

—  4     1  41.0 

+  15.4 

Sj.  9824 

6 

23  42  14.05 

+  2.39 

—  3  22  45.8 

+  15.3 

W,  23"  823 

7 

23  41   41.04 

+  2.29 

—  2     7  31.2 

+  14.9 

B.B.  VI  (Suppl.  —2  to— 14) 

8 

23  41   41.04 

+  2.29 

—  2     7  31.2 

+  14.9 

B.B.  VI  (—2°  to  —14°  40')  Suppl. 

9 

23  48     1.35 

+  2.26 

—  0  40  55.4 

+  15.0 

7  coinps.  with  LI.  46859-60 

10 

23  49     5.92 

+  2.26 

—  0  30  25.4 

+  15.0 

LI.  46859-60 

11 

23  49     5.92 

+  2.25 

—  0  30  25.4 

+  15.0 

LI.  46859-60 

12 

23  54   19.28 

+  2.22 

+   0  28  16.3 

+  14.8 

AV,  23"  1075 

13 

23  57  57.89 

+  2.20 

+  0  58     5.3 

+  14.7 

B.B.  VI,  +0^5082 

14 

23  59     5.51 

+  2.20 

+   0  55   11.0 

+  14.7 

W,  23"  1 1 79 

15 

23  57  57.89 

+  2.20 

+  0  58     5.3 

+  14.7 

B.B.  VI,  +0°5082 

16 

23  59     5.51 

+  2.20 

+   0  55  11.0 

+  14.7 

AV,  23"  1 1 79 

17 

23  57     5.63 

+  2.17 

+    1  30  59.3 

+•14.7 

Wj  23"  1143 

18 

0     8  47.65 

+  2.12 

+   2  51    14.1 

+  14.6 

B.B.  VI.  +2°  18 

19 

0  14  17.43 

+  2.12 

+   43  37.7 

+  14.4 

W,  0"  207 

20 

0  21  43.56 

+  2.11 

+   4  26  25.6 

+  14.4 

B.B.  VI,  +4°  57 

21 

0  21  31.38 

+  2.11 

+   5     1  30.1 

+  14.3 

Albany  Zones,  110.  80 

22 

0  27     3.15 

+  2.11 

+   5  26  47.8 

+  14.3 

W,  0"422 

23 

0  29  14.45 

+  2.11 

+  5  33  42.6 

+  14.3 

B.B.  VI,  +5°  74 

24 

0  31   19.78 

+  2.10 

+   6  23  45.6 

+  14.2 

B.B.  VI,  +6°  78 

25 

0  31   IU.7.S    ■ 

+  2.10 

+   6  23  45.6 

1890.0 

+  14.2 

B.B.  VI,  +6^78 

26 

1     5  42.89 

—1.06 

+   9  42  23.6 

—  5.7 

Wi  1"39 

27 

1     3  29.60 

—1.07 

+  10  14  31.0 

—  5.7 

AVi  1"  2 

28 

1     8     0.62 

—  1.08 

+  10  13  53.2 

—  5.6 

W,  1"76 

29 

1     8  23.79 

—1.09 

+  10  38  33.7 

—  5.6 

B.B.  VI,  +10M50 

30 

1   10  21.72 

—1.10 

+  10  53  11.7 

—  5.6 

Wi  1"119 

N°-  225. 


I'  II  K     A  t>  T  K  U  N  U  M  1  (    A 


.1  II I   i;  N  A  I. 


* 

a 

Ked.  to 
app.  placi- 

s 

IJo.l.  to 
app.  place 

Authority 

31 

ri4"'25!6l 

— 1''.07 

+  11'"  12   15^'s 

—  5^4 

7  conips.  Willi  W,  1''208 

32 

1   15  28.30 

—  1.07 

+  11   21      3.0 

—  5.4 

W,  1"208 

33 

1    19     6.94 

—1.10 

+  11  42  23.9 

—  5.4 

7  eoinps.  witli  W,  1''257 

34 

1  49   16.68 

—1.20 

+  14  48  15.9 

—  5.4 

LI.  3527 

35 

1  51   52.44 

—1.20 

+  15     0     2.3 

—  5.3 

7  coiiips.  with  LI.  3527 

36 

1   55  38.48 

—1.20 

+  15  43   10.5 

—  5.1 

H.B.  \I,  +15°  294 

37 

2     4  51.25   . 

—1.23 

+  16  28  25.2 

—  4.9 

5  conips.  witli  W,,  2''  124 

38 

2     8  18.82 

—1.24 

+  16  33  50.8 

—  4.8 

7  coiiips.  with  AV..  2''  124 

39 

2  54  20.60 

—1.36 

+  20  36   10.7 

—  4.0 

W.  2"  1260 

40 

2  54  20.60 

-1.38 

+  20  36   10.7 

—  4.0 

W„2M260 

1       1 

18S1.0 

23  40  25.92 

+  2.42 

ISSl.O 

—  4      1    41.0 

+  15.4 

Sj.  9824 

2 

23  40  25.92 

+  2.42 

—  4     1   41.0 

+  15.4 

.Sj.  9824 

3 

23  40  25.92 

+  2.42 

—  4     1   41.0 

+  15.4 

Sj.  9824 

4 

23  42  14.05 

+  2.39 

—  3  22  45.8 

+  13.3 

W,  23''  823 

5 

23  48     1.35 

+  2.26 

—  0  40  55.4 

+  15.0 

7  coups,  witli  LI.  46859-60 

6 

23  49     5.92 

+  2.26 

—  0  30  25.4 

+  15.0 

L!.  46859-60 

- 

7 

23  49     5.92 

+  2.25 

—  0  30  25.4 

+  15.0 

LI.  46859-60 

1 

1830.0 

21     8  53.16 

—1.26 

issn.o 
+  6  30  47.3 

—12.0 

W,  21''  132 

2 

21     8  44.57 

—1.21 

+   7  39  14.4 

—12.2 

W,  21"  125 

3 

21   10  18.52 

—1.05 

+  10  20  17.3 

—12.7 

W,  21M74 

1 

4 

20   15  46.24 

+  1.01 

+  48  29  24.5 

—15.8 

Oe. A.  20377 

5 

20  10  11.57 

+  1.18 

+  50  17  50.3 

—15.5 

Oe.  A.  20240 

6 

20     5     7.62 

+  1.26 

+  51   24  40.6 

—  15.3 

Oe.  A.  20093 

7 

18     6  57.37 

+  3.05 

+  63  53     1.9 

—  4.9 

Lalaude  33621 

8 

15  22  41.72 

+  2.47 

+  64  15  33.8 

+  10.5 

Oe.  A.  15387-88 

9 

14  39   17.58 

+  1.79 

+  61   43  51.6 

+  13.0 

Oe.  A.  14810 

10 

13  55  32.45 

+  1.02 

+  57     1   13.1 

+  14.1 

H.B.  VL  +57°  1473 

11 

13  49     2.33 

+  0.89 

+55  56  26.7 

+  14.1 

10  conips.  with  Oe.  A.  14080 

1 

IKW.O 

9  10  59.07 

—0.73 

+42  31   29.9 

+   5.0 

LI.  18261 

2 

9  20  42.85 

—0.69 

+  41   40  34.8 

+   5.2 

^y..  9"  389 

3 

9  31  29.86 

—0.66 

+  40  44     0.1 

+   5.4 

W.  9" 613-14 

1 

1890.0 

15  18  21.43 

+  1.47 

ISOO.O 

+  74  26  31.2 

+  15.4 

Oe.  A.  15"  15348 

CO.MKT  1S89  V. 

iss'j  Oct.  2.    Jloonliirlit  rather  strong.   Nucleus  fairly  well  delliieil. 

Oct.  1.').  Nucleus  not  very  .<liarp.  Diameter  of  total  nebulosity 
1-.5.    Faint  wisp  visible  on  following  side. 

Oct.  ir>.  Nucleus  not  very  sharply  (lellned.  Seems  to  have  a 
somewhat  granulated  strueture.  Faint  wisp  on  north  following 
side.     Diameter  of  total  nebulosity  I'.o. 

Oct.  IS.  Nucleus  not  very  sharply  defined.  Diameter  of  total 
nebulosity  same  as  last  night. 

Oct.  23.     Comet  rather  faint.     Sky  slightly  hazy. 

Nov.  5.     Comet  very  faint  in  moonlight. 

Nov.  22.     Companion  comet  seen  but  cannot  be  taken  in  transit. 

Nov.  25.     Comet  1'  in  diameter.     Tail  2'.."i  in  length. 

Nov.  2fi.     Sky  hazy. 

Nov.  2'.t.     Comet  faint  in  moonlight.     Companion  not  seen. 

Dec.  7.     Comet  faint. 

Due.  i;'>.  Nucleus  rather  sharply  detined.  Diameter  of  total  nebu- 
losity 1'.     Faint  tail  2'  long.     Companion  comet  not  seen. 

Dec.  K).  Nucleus  not  very  well  defined.  Diameter  of  principal 
nebulosity  1'.2.     Diameter  of  total  nebulosity  2'..'i. 

Dec.  I'.i.     Sky  hazy. 

Dec.  21;.     Faint  tail  visilde. 

Dee.  27.     Observation  -'.,  weight.  ' 

IS'.IO  .Tan.  U.  Comet  faint.  Nucleus  somewhat  stellar.  Com- 
panion comet  suspected  a  little  south  following  principal  comet 
but  loo  faint  for  observation. 

.Ian.  111.  Observation  -3  weight.  .\  second  nucleus,  a  liltle  north 
following,  suspected. 


VRKS. 

Jan.  17.     Comet  faint.     Nucleus  rather  stellar.     Second  nneleus 
of  last  night  eonflrmed. 

Jan.  18.     Observation  -;;  weight.     Some  cloud  and  haze. 

Jan.  20.     Observation  -3  weight. 
!        .Ian.  21.     Nnclens  rafher  well  deflne<l.     Diameter  of  total  nebu- 
losity 1'.     Faint  tail  2'  long. 

Jan.  22.     Comet  well  detined. 

Jan.  2i.     Coinel  rather  faint,  moon  near. 

Feb.  U.     Nucleus  fairly  well  detined. 

Feb.  12.     Comet  rather  faint. 

Feb.  15.     Observations  '-.,  weight. 

Feb.  20.     Seeing  rather  poor. 

Feb.  21.     Comet  faint. 

March  18.     Comet  very  faint.     Nucleus  slightly  stellar. 


Co.MrvMllX    TO    COMKT  188!l  V. 

1880  Nov.  14.  Comet  Txceedingly  faint.  Observation  '^weight. 
No  centml  condensation  apparent. 

Nov.  15.  Comet  very  faint.  Seelug  rather  poor.  No  central 
condensation. 

Nov.  l(i.     Comet  very  faint. 

CoMKT  11   IS'.lO  (Uruoks  .Vrirr/i  19). 

18!H)  July  II.  .\  comparison  of  this  observation  with  C.»MrnKi.t.'s 
Ephemeris  as  given  in  the  Aftronomical  JuiirnaL  Vol.  X,  p.  l;l,  and 
corrected  as  indicated  on  p.  45.  shows  a  ilillerence  of  some  11  sec- 
onds, which  carnot  at  present  be  aecountol  for. 
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ON   riTOTOCil.'APIIIXG    STARS   IN    'IIIK    I  )A  V-'II.M  K. 


15v  KDWAlil)  S.  HOLDEX. 
[Second  Note.] 


In  tlic  Aiilyonomical  Jotinial,  vol.  IX,  jiage  73,  I  printed 
a  simple  tlieorv  of  piiolograpliin<i  .slar.s  piojecteil  against  a 
bright  hafkgroimcl.  Since  tliat  time  lln-  (pieslion  lias  been 
examined  experimentally  by  Mr.  W .  ^V.  (AjiniKi.i.  and  my- 
self, nsing  the  great  telescope  (focus  570  inches),  and  a|)er- 
tnres  of  33,  1.5,  8  and  4  inches.  Photographs  of  Venus, 
Mercury,  the  Moon  and  of  Alpha  Lyrae,  have  lieeii  taken  in 
broad  day-ligiit  (2  to  5  r.M.)  with  the  ai)ertures  named, 
with  a  constant  exposure  of  OM;!,  and  on  Seed  id  [ihites. 

Lick  Observatory,  1890  ylw/iis/  \'j. 


In  general,  the  smallest  apertures  used  have  given  the  dark- 
est images,  as  demanded  by  the  theory.  I  iiieluse  with  this 
a  paper  print  of  Aljihu  Lyrae,  made  with  1")  inches  ai)erture. 
The  results  have  a  theoretical  value  in  their  bearing  on  the 
problem  of  registering  very  small  contrasts  —  as  in  pho- 
tography of  the  Corona  for  example.  Practically  it  will  be 
of  value  to  be  al)le  to  refer  the  Moon  or  one  of  the  inferior 
planets  to  a  bright  star  near  it ;  at  any  time  day  or  night. 


NEW  ASTEROIDS. 


Mr.  CiiAiti.ois  of  Nice  announces  the  discovery  of  two  new  asteioids.  on  the  nisht  of  .Sc[)t.  U.  being  nos.  297  and  298 
of  the  group.     Their  positions  were, 

1890  Sept.  9.38.57  Gr.  M.T.       «  =  22''  21'"  48'.5,       <S  =r  — 9°     2'   28".        12>'       Daily  motion. —48-.  and  1' southward 
1S90  Sept.  9.,5364  Gr.  M.T.       u  =     0"  38'"  32". 9,       a  =   +2'  40'     4".        13"       Daily  motion. —oG".  and  1' .southward 


NEW  ASTRONOMICAL    WORK. 


Aslrotiomical  Papers  prepared  for  the  use  of  the  American  Ephcnieris 
and  Nautical  Almanac.  Vol.  IV.  — A  neio  Theory  of  Jupiter  and 
Saturn,  by  G.  W.  Hill,  Assistant  American  Ephemeris.  Washing- 
ton, 1890. 

In  this  volume  we  have  the  arst  iustahiieiit  of  a  revision  of  the 
theories  of  the  eight  major  planets,  untlertalveii  l\v,  and  under  the 
direction  of.  Prof.  Nkwcojib.  Prof.  Hill  lias  determined  complete 
analytical  expressions  for  the  coordinates  of  the  two  planets  in 
question ;  and  has  given  a  preliminary  comparison  of  his  theory 
with  observation.  The  method  followed  in  the  investigation  is 
that  of  Hanskn, —  expressing  the  coordinates,  however,  in  terms  of 
the  mean  instead  of  the  eccentric  anomalies.  The  paper,  there- 
fore, may  be  regarded  as  a  revision  and  completion  of  Hansen's 
Berlin  Prize  Memoir  on  this  subject.  For  the  development  of  the 
quantities  in  periodic  series  the  shorter  methods  of  the  later  memoir, 
entitled  Auseinandersetzung ,  etc.,  are  emploj-ed. 

The  fundamental  arguments  of  the  two  planets  are  equated  in 


such  a  way  that  Ihey  take  account  of  all  the  ineciualilies  of  the  re- 
duction to  the  ecliptic,  secular  and  periodic,  and  also  of  all  that 
part  of  precession  which  involves  the  square  and  higher  powers 
of  the  time.  The  ecliptic  longitudes  can  thus  be  tabulated  directly, 
without  the  necessity  for  arriving  at  them  through  the  intermedi- 
ation of  the  orbit-longitudes.  In  Chap.  XXVI  we  have  a  new 
determination  of  the  motion  of  the  ecliptic,  and  ditferential  equa- 
tions are  given  for  deriving  the  obliquity  and  general  precessiou, 
independently  of  the  luni-solar  precession. 

In  Chap.  XXIX  the  formulas  of  Hanskn  for  correcting  the  per- 
turbations on  account  of  determinate  changes  in  the  elements  are 
simplified  and  reudereil  more  easily  applicable  In  the  cases  where 
the  eccentricities  are  small. 

So  far  as  comparison  with  observation  is  capable  of  showing, 
this  elaborate  and  able  investigation  appears  eminently  successful  — 
far  surpassing  previous  ones  in  this  respect.  It  is  not  probable 
that  it  will  soon  need  to  be  undertaken  anew. 


C  O  N  T  K  N  -]'  S  . 
Supi'LiaiKNT  TO  "  Skci'Lau  and  Long-Phrioi)  iNKQi'ALrnics  IN  THE  JIo()n"s  Motion."  hy  I'iiof.  John  X.   Stockwicll. 

CO.METS    18S9  I  AND  II,    AND    SOME    SUGGESTIONS    AS   TO    lUE    POSSIBILITY  OV  SEEING  THE    Siioi:t-I'E1;IOI)    Co.METS  AT  ArilELlON,  UV  I'lIOE. 

E.  E.  Baunaud.  ^- 

Elements  and  Ephemeris  of  Comet  c  1890,  by  Piioe.  Lewis  Boss. 
Observations  oe  Comets,  by  JIr.  0.  C.  Wendell. 

On  Piiotoguai'iiing  Stars  in  the  Day-Time,  by  Prof.  Edward  S.  Holden. 
New  Asteuoids. 
New  Astronomical  Work. 
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Hy  G.  W 
lu  DOS.  220  and  221  of  this  Journal  appears  an  article  by 
Mr.  Stockwell,  iu  which,  in  opposition  to  all  previous  in- 
vestigators, an  acceleration  is  found  for  the  motion  of  this 
element  of  the  lunar  orbit.  The  introductory  history  of  this 
matter  given  by  the  author  is  incomplete,  as  he  passes  over 
without  notice  the  most  recent,  and  perhaps  the  only  correct, 
determination  of  the  coefficient,  viz.  :  that  by  Delaunay 
(Comjites  Eeiidus,  Tome  LXXIV,  pp.  152, 153).  Delaunay 
finds  that,  assuming  — 1270"  i-  as  the  value  of  ?i/(e'- — e'^-)dt, 
the  coefficients  of  i-  in  the  motions  of  the  perigee  and  node 
are  severally  —39". 986  and  +6". 778. 

Before  astronomers  accept  the  new  values  advanced  by 
Mr.  Stockwell,  in  order  to  judge  intelligently  about  the 
matter,  they  doubtless  would  like  to  know  how  it  happens 
that  the  author  differs  so  greatly  from  his  predecessors.  No 
information  in  the  article  itself  is  given  on  this  point ;  it  is 
strange  that  the  author  should  deem  this  a  matter  of  no  iin- 
l)ortance.  The  explanation  is  not  far  to  seek  ;  the  quanti- 
ties e  and  w,  which  appear  in  the  author's  equation  (1),  are 
treated  as  though  they  suffered  no  periodic  perturbations. 
Yet  the  equation  is  not  true  unless  these  two  symbols  denote 
severally  the  eccentricity  and  longitude  of  the  perigee  in  the 
instantaneous  orbit  which  the  moon  is,  at  the  moment, 
describing.  All  the  previous  investigators,  while  they  do 
not  employ  equation  (1),  have  employed  methods  in  which 
lliis  principle  is  tacitly  admitted.  It  should  be  pointed  out 
that  equation  (1)  is  not  iu  the  shape  astronomers  generally 
give  it.  It  appears  that  the  lunar  elements  have  been  par- 
tially eliminated  from  it  by  the  introduction  of  the  differ- 
ential coetlicients 

dr 
di 

Hut  the  method  followed  by  the  author  requires  that  the 
elimination  should  be  complete  ;  no  instantaneous  clement  of 
the  moon  should  appear  iu  the  equation.  Very  simple  equa- 
tions exist  suitable  for  this  purpose  ;  such,  for  instance,  as 

dv- 


dv  , 

dt 


lie  cos  {v — 0))  =  >•■'  -=-;r  —  M 
.     ,  ,  .dr  dv 


MOTIOX   OF   THE  MOO^■S  PERIGEE, 

,  HILL. 

The  equation  would  then  take  the  form 


^     '    dt  L'  (7F  ~  '"J  ■  [ih)  ~  dZL'   dF  ^  "J  •  V  dt,  j 

r  ■>  d"'     T 

»"  T^  —  /M  ^ 


,  dr  dv^ 
WdF 


in  which  the  right  member  is  expressed  purely  as  a  function 
of  the  four  quantities 

dr        ,  dv 
r,  r.  --   and    — 

dt  dt 

It  may  be  thought  the  equation  iu  this  shape  is  too  cum- 
brous for  use  ;  and  so  it  is.  For  this  reason  it  has  not  been 
employed  by  astronomers.  The  method  followed  by  De- 
LALNAY.  for  instance,  involves  far  less  labor.  This  metbotl 
furnishes  the  equations 

d^  _  _  dfi  d^'   —  _  'L^ 

dt    ~        dO'         It   ~  ~  dU 

But  it  is  more  convenient  to  express  li  in  terms  of  (i.  »" 
and  J',  than  iu  terms  of  Z/,  G  and  H ;  hence  we  write 


dR 


dw  _      (da      da\  dlt  _(de_      de\  dR  _/ d^  ,    df\ 
■    ~~      VdG      dH)  da      \dG     IS)  Ih      \dG     dHJ  ~dy 


dt 

This  equation  holds  true  through  all  the  transformations 
Delaukav  makes  for  the  purpose  of  removing  from  li  the 
various  periodic  terms  it  contains  by  reason  of  the  action  of 
the  sun.  In  these  transformations,  however,  e'  the  solar 
eccentricity  is  treated  as  a  constant.  It  is,  however, 
variable,  and  it  is  permitted  to  conceive  it  as  developed  iu 
ascending  powers  of  I.  Hence,  wherever,  in  the  old  develop- 
ment of  li,  we  wrote  e',  we  ought  now  to  write  e\,+/t. 
p„  and  /  being  regarded  as  constants.  The  new  portion  of 
li  is  then 

for,  limiting  the  determination  of  the  secular  variation  to 
the  term  proportional  to  t'-,  it  is  not  necessary  to  go  beyond 
the  first  power  of  t.  And,  in  this  new  jHjrtion  of  li,  we 
ought  to  make  all  the  transformations  of  variables  which  have 
as  object  the  removal  of  the  periinlic  terms  of  the  earlier 
portion  of  li.     Again,  it  is  plain  that  the  e',  which  appears 
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ill  tlie  still-reniainlug  noii-periodic  term  of  the  earlier  portion 
of  R,  should  be  regarded  as  constant ;  that  is,  e'^  sliould  be 
sulistituted  for  it.     Also,  the  making  tlie  transformations  in 


lie' 


ft 


is  the  same  thing  as  substituting  in  it,  for  tlie  throe  coordi- 
nates of  the  moon,  their  values  as  affected  l)y  sohir  action. 
Tliis  being  done,  and  the  resnlting  function  limited  to  its 
non-periodic  term,  it  is  i)lain  tlie  term  we  are  in  searcii  of 
will  be  given  by  the  integration  of  the  equation 

doi  _         \  /da      da\  d-R        f  '^^  i  f'*\  ^^'^ 
^  ~  ~  (  \dG     IE  J  dade'       \dG     Ju)  dede' 

.(drdy\dm\ 

\dG     dllJdyde'S^ 

In  tliis  care  nnist  be  taken  to  have  «,  e  and  ;■  of  tlie  same 
signilicatioii  in  all  the  factors.  Wheu  we  neglect  the  incli- 
nation of  the  lunar  orbit  the  last  term  may  be  neglected. 

The  advantage  of  the  employment  of  such  a  formula  as 
this  over  the  one  employed  by  Mr.  Stockwei.i.  consists  in 
the  circumstance  that  since  the  first  factors  are  non-periodic, 
the  second  may  be  limited  to  their  non-periodic  terms.  The 
expression  is  correct,  however  far  we  may  wish  to  push  the 
approximation  in  reference  to  powers  of  the  solar  disturbing 
force. 

It  would  be  iiiiiiossible  to  give  here  a  redetermination  of 
the  coeflicient  in  dispute  to  the  degree  of  approximation 
adopted  by  Delaunay,  on  account  of  its  length.  Neverthe- 
less, some  approximate  statements  may  be  of  interest.  -In 
another  place  I  have  found  {Astronomical  Papers  of  the 
American  Ephemeris,  Vol.  Ill,  p.  388), 


fda 
'"\dG^dS) 


+  $^  =  —0.003395, 


.,    f  de  ,   de\ 


When  we  neglect  the  inclination  of  the  lunar  orbit  and  the 
solar  parallax,  with  Delauxay's  notation,  \yf>  have 


'-  -yj  r-  +  in'-—^„r  cos  2{h  +  r  +  h' — r') 


R  = 

Washington,  D.C.,  1890  September  8 


Thence  we  derive 

dR  _       .      rf.h)g/'        dRdv' 
de'  "  ''<-'  di)  de' 

Here  it  will  be  sutliciently  accurate  to  put 

—  3  '-^,--  —  —  3  e'  +  3  cos  r,         — ,  =  2  sin  /' 
dv  -  de' 

Then,  if  we  supiiose  the  disturbing  function  and  its  de- 
rivative contains  seveiallj'  the  terms 


R  :=  a-»-(vl„+^l,t-'cosr), 

and   B  are  functions   of 


dR  „  ..  .,  ,  .  ,, 
—  =  lianve  sin  ( 
dv 


and   e   only,    we 


where  A„ , 
shall  have 

—  =  a-n--^i{A,-A„)-B^e 

From  Pontecoulakt's   TMorie  Analytique  da  Si/stfme  du 
Monde,  Tome  IV,  pp.  100,  106,  185,  253  and  256,  we  get 

A„  =  im'  —  i^«-vi'  +  (g«r+53^m^'+-L^jAmOc'-    " 
A I  =  {m-  —  -^^m*+  (§m'-+-V^m''+-LAS^?n')e- 
B    =  ('j,^m''+^3/m*)e- 

Tlins  the  function    -r-r  wouUl  contain  the  terms 
de 

^a„i,-'  _  T^Sjfl.  m*  +  (§  wr  +  a/^i  wi'+'^WV-  m')e-\a-n^e' 
Pontecoui-ant's  and  Delaunay's  e  are  not  quite  identical ; 
but  neglecting  the  difference,  substituting  this  expression 
in  our  formula,  and  adopting  — 1270"i-'as  the  value  of 
nf{e'- — e'„-)dt,  we  get  as  the  coefficient  — 33"  instead  of 
Delaunat's  —40".  The  difference  is  caused,  in  the  main, 
by  our  neglect  of  the  terms  of  higher  orders. 

In  conclusion,  it  should  be  stated  that  it  is  not  true  that 
when  we  have  derived  a  formula  such  as 

to  =  w„  +  {A+Be'-)t 
on  the  supposition  that  the  solar  eccentricity  is  constant,  we 
shall  have,  as  the  proper  correction  to  this  when  the  eccen- 
tricity is  variable,  the  formula 

Sw  =  Bj\e'-—e'o-)dl 
Delaunay  has  given  the  value  of  B  {Comptes  Rendus. 
Tome  LXXIV.  pp.  15-17),  and  a  difference  will  be  observed 
between  the  coeliioients. 


OBSEKYATIO^^S   OF   THE   SATELLITES   OF   3/.17^S'  IX   1800, 


M.\nK   AT   THE   U.S.    XAVAL   bl!SERVArOl:V. 

By  a.  hall. 

[Commuiiicateil  by  the  Superintendent] 

Phobos. 


Date 

Washington 
M.T, 

P 

No. 
camp. 

Washington 
M.T. 

s 

No. 
comp. 

C- 

-0 

JP 

^d 

ISilO 

May  28 
29 
30 

June  4 
7 

12  30.7 

11   22.7 

10  23.1 

9   10.7 

9  43.7 

126°.86 
124.24 
127.94 
306.41 
128.91 

4 
4 
4 
4 
4 

h      ...       1 
12  38.2     ' 
11   28.2     1 
10  32.1     1 

25.96 
25.55 
25.55 

4 
4 
4 

—1.56 
+  0.40 
—2.82 
+  1.01 
—2.70 

+0.46 
+  0.85 
+0.95 

—0.63' 

9  50.2     1 

27.25 

4 
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Deimos. 


Date 

Washiustton 
M.T. 

P 

No. 
comp. 

Washington 
M.T. 

8 

No.                     C-O                 1 

comp.          jp 

J8 

isno 

May  15 
27 
29 
29 

June  8 
25 

11  45.2 
10  36.7 

10  14.7 

11  37.2 
10     5.7 

9  28.7 

306.06 
126.27 
310.46 
314.13 
306.88 
124.50 

4 
5 
4 
4 

4 
4 

11  53.7 
10  44.7 

10  20.2 

11  43.7 
10  13.2 

9  37.7 

62.84 
65.22 
62.42 
52.50 
67.86 
58.13 

4          — o!79 
4          —1.14 
4          +0.17 
4          +0.93 
4          —0.94 
4          —2.19 

—1.03 
+  0.72 
—2.21 
—2.19 
-1.29 
+  1.35 

NOTE. 
The  position  of  tlie  planet  was  so  low  that  the  satellites  were  |       On   several    nights  Prof.   Schiapauelli's    double  canals   were 
faint,  and  were  ol)served  with  difflculty.     Tlie  oljservations  have  I    loolved  for,  but  the  image  of  tlie  planet  wa.s  Ijlazing  and  unsteady, 
Ijeen  compared  witli  Mauth's  ephemerls.     The  residuals  show  tliat  j    and  tlie  canals  were  not  seen, 
tlie  periodic  times  of  tlie  satellites  are  nearly  correct.  I  1  SCO  Sept.  17. 


POSITIOXS   OF  465   CO^IPAEISOX-STARS  DETERMINED  AT   xVLBAXl'. 

hy  lewis  boss. 


The  acconipanyiug  catalogue  of  star-positious  is  mainly 
the  result  of  efforts,  in  1886  and  1887,  to  determine  the  po- 
sitions of  all  comparison-stars  used  in  the  observations  upon 
the  great  September  comet  of  1882.  The  last  nine  stars 
were  employed  in  observations  of  Polyhymnia  at  the  Litch- 
field Observatory,  and  are  faint  stars  not  included  in  the 
program  of  the  Albany  A.G.  Zone.  The  ol)serving  list  for 
tlio  comet  comparison-stars  was  furnished  by  Professor  H. 
A.  Howe  of  Denver,  whose  request  for  observations  of  tliose 
stars  most  in  need  of  new  determinations  led  to  the  more 
extended  undertaking,  the  results  of  which  are  here  pre- 
sented. The  catalogue  does  not,  in  general,  contain  the 
positions  of  the  standard  stars,  nor  does  it  contain  positions 
of  all  other  stars  used  in  comparisons  with  the  comet.  The 
failure  in  completeness  originates  partly  in  the  faintness  of 
some  of  the  stars,  wliicii  could  not  conveniently  be  observed 
with  bright-field  illumination ;  partly  tiirough  tlie  great 
crowding  of  stars  in  certain  minutes  of  right-ascension  ; 
and  very  largely  from  omissions  and  unavoidable  imper- 
fections of  the  observing  list. 

It  had  occurred  to  me  that  the  theory  of  the  September 
comet  of  1882  possesses  uncommon  interest  from  more  than 
one  point  of  view  ;  and  that  this  interest  may  become  very 
intense  and  extremely  inquisitive  during  the  twenty-seventh 
ccntm-y,  when  the  fragments  of  the  comet  shall  successively 
make  their  next  appearance  at  perihelion,  and  when  the  po- 
sitions of  comparison-stars  may  be  investigated  with  a 
degree  of  rigor  unattainable  at  the  present  time.  On  the 
other  liand,  the  researches  of  Dr.  Kkeutz  have  shown  that 
much  more  than  half  of  tliese  comparison-star  positions  had 
been  already  very  well  determined  when  the  writer  under- 
took this  seiies  of  observations.  If  this  fact  had  been  so 
well  realized  then  as  now  it  woidd  have  led  to  a  very  decided 
modification  of  the  program,  and  to  one  more,  in  consonance 
with  the  original  request  of  Professor  IIuwk.  However,  it 
is  to  be  hoped  that  this  work  may  not  bo  considered  alto- 
gether superfiuous,  and,  that  it  may  serve  at  some  future 
time  as  an  additional  and  not  unimportant  term  of  compari- 


son, by  which  the  systematic  discordances  of  various  partial 
series  of  observations  may  be  determined  and  applied. 

The  general  processes  of  observation  and  reduction  for 
this  series  are  practically  the  same  as  those  which  prevailed 
in  the  production  of  the  list  of  190  comparison-stars  con- 
tained in  tlie  Astronomical  Journal,  no.  223.  The  transits 
were  observed  by  the  writer,  and  the  microscopes  were  read 
by  Assistant  Egbert.  Two  opposite  microscopes  were  read 
at  each  observation,  and  usually  a  separate  pair  for  the 
second  observation  of  a  given  star ;  so  that  most  of  the 
catalogue-positions  are  affected  with  the  mean  error  of  eight 
circle-divisions. 

The  circle  has  been  used  invariably  in  the  position.  Clamp 
East,  since  the  year  1878. 

The  observations  of  the  present  series  are  differential  botii 
in  right-ascension  and  declination.  For  convenience  the 
standard  stars  were  selected  from  the  Berlin  Jahrbuch  ;  but 
the  declinations  were  first  corrected  by  quantities  derived 
from  the  following  table  : 


iV 

Corr'n 

m 

Corr'n 

0 

+  0.2 

—20 

+  0.5 

5 

+  0.2 

—25 

+  0.6 

10 

+  0.2 

—30 

+  0.6 

15 

-^0.3 

Consequently  the  positions  of  the  present  catalogue  are 
supposed  to  lie  substantially  conformable  in  declination  to 
the  system  of  the  American  Ephemeris ;  but  the  right- 
ascensions  still  require  a  correction  of,  perhaps.  +0'.0lo. 
to  reduce  them  to  that-systein. 

In  this  seiies  of  observations,  tiic  writer  endeavored  to 
break  \\\)  the  habit,  which  he  iiad  previously  formed,  of  ob- 
serving transits  in  such  a  manner  that  the  sound  of  the  tap 
on  the  observing  key  should  seem  to  be  coincident  with  the 
bisection  of  the  star  on  the  transit  thread.  This  practice 
had  been  followed  throughout  the  observations  for  the  Al- 
bany A.Ct.  Zone.  In  tiie  oliservations  for  the  present  series, 
an  effort  was  made  tii  restrain  the  impulse  to  tap  the  key 
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until  the  instant  wlien  tiio  star  was  actually  seen  to  be 
liisectetl.  AVlietlier.  in  acconlance  with  intention,  this  plan 
has  caused  tiie  error  of  transit  dependent  on  magnitude, 
which  is  exhibited  in  the  ol)servations  for  tiie  All)any  A. (J. 
Zone,  to  disapi)ear,  is  a  problem  wliicii  remains  for  future 
investigation.  At  any  rate,  the  writer  found  it  impossil)le 
to  attain  that  degree  of  accuracy  in  the  observation  of  tran- 
sits l)y  the  adopted  metliod,  which  had  ap|)arently  been 
reached  under  the  employment  of  his  former  method  ;  and 
there  may  iiave  been  lai)ses  of  attention,  at  times,  wiien  the 
former  metliod  was  unconsciously  used. 

The  probable  casual  error  of  observation  (including  faint 
stars  and  irrespective  of  tiTe  factor  cosfi)  was  determined  by 
comparison  of  pairs  with  the  following  results  : 


0  to  —20 

—20  to  —31 

0  to  —31 


No.  Prs. 

189 
247 
i;!6 

No. 

■2U-2 
364-.^ 
374 
377 
379 
388 
403 
4.56 


Mean  J,<    Mean  Jtf 

o".072         0.85 

0.082  1.00 

0.077  0.93 

\i.\.  1SS2.0 

;i'24"'27'' 
10  1  2 
10  2  47 
10  3  27 
10  3  37 
10  0  41 
10  15  8 
10  46  53 


p.e.  a 

±0.048 
±0.055 
±0.052 
S  1882.0 

—26^  5 

—  18  44 

—  19  10 
— 14  55 
—17  34 
—18  22 
—14  54 

—  G   10 


The  observations,  especially  in  5''  and  6''  of  right-ascension, 
were  at  times  made  with  very  great  haste,  and  were  cai'ried 
on  in  anj'  state  of  atmosphere  whicii  permitted  the  stars  to 
be  secTi  at  all.  The  resulting  probable  error  of  a  single  ob- 
servation is,  therefore,  somewhat  larger  than  that  which 
might  have  been  attained  by  more  deliberate  observation 
under  selected  conditions. 

The  arra<igemeiit  of  tlie  calaloguc,  ;uid  of  the  notes  in  the 
last  coUinm,  a[ipeai's  to  require  no  special  explanation.  It 
may  be  remarked,  however,  that  comparisons  of  the  po- 
sitions of  this  catalogue  with  lists  of  places  from  older  cata- 
logues reduced  to  tlie  epochs  1882  and  1883  (kin<lly  loaned 
by  Professor  Howe)  resulted  in  the  detection,  in  a  few 
instances,  of  proper  motions  which  do  not  appear  to  have 
been  hitherto  reported.  Among  these  were  some  wliicli, 
though  apparently  real,  were  either  too  small,  or  too  un- 
certain to  justify  evaluation  at  the  present  time.  Those 
for  which  computations  were  made  are  embraced  in  the  fol- 
lowins;  list  : 


p.c.  (7 

±o''57 
±0.67 
±0.63 

!'  /> 

— 0.007S  0.00  Pi..  Cape,  l.sio,  etc. 

+  0.0090  —0.104  Lai.,  Bonn. 

—0.011  —0.35  Lai.,  Oe.A. 

—0.0068  —0.237         Lai.,  Ressel,  Oe.A.  etc. 

—0.0060  —0.146  Lai.,  15onn.  etc. 

-f0.009  — O.Il  T.al..  Uonn. 

—0.0120  +0.26S  Lai.,  Lam.,   Par.,  etc. 

—0.0085  —0.233         Lai.,  Bessel. 


The  magnitudes  given  in  the  third  column  of  the  subjoined 
catalogue  result  from  estimates  made  at  the  telescope  during 
observation.  Since  more  than  half  of  these  were  made  ujton 
nights  when  the  skv  was  unfavorable   to   trustworthv  esti- 


mates of  magnitude,  they  possess  but  little  independent 
value,  but  they  may  serve  to  aid  in  some  future  investiga- 
tion as  to  effect  of  apparent  magnitude  upf)n  observed  right- 
ascen.sion. 


Catalogue  of  Comparison-Stars  foe 

THE  Epoch 

188(3.0. 

No. 

Magn. 

No. 
Obs. 

Epoch 
1880-1- 

a  1886.0 

Free. 

6  1886.0 

Prec. 

1 

SDM. 

— 14°1267 

8.4 

2 

C.15 

5''47"'2L72 

-1-2!  7251 

—14° 35'    6.2 

+    l''l05 

2 

SDM. 

—15  1203 

9.0 

2 

6.16 

47  46.48 

2.7121 

15     6     9.5 

1.069 

3 

SDM. 

—15  1212 

7.9 

2 

6.15 

49   16.36 

2.6956 

15  45   17.1 

0.9.38 

4 

SDM. 

—  12  1310 

8.6 

2 

6.61 

49  42.45 

2.7651 

12  57  31.4 

0.900 

DM.  7". 5 

5 

SDM. 

—14  1277 

8.8 

1 

7.16 

49  57.79 

2.7394 

14     0     8.8 

0.878 

6 

SDM. 

—13  1303 

9.2 

2 

6.66 

50  19.54 

2.7480 

13  38  24.1 

0.846 

7 

SDM. 

—11  1326 

9.0 

2 

6.60 

50  31.66 

2.7964 

11  40  33.0 

0.829 

DM.  8^'. 5                : 

8 

SDM. 

—15  1217 

8.8 

2 

6.66 

50  37.71 

2.7094 

15   12  14.8 

0.820 

9 

SDM. 

—13  1305 

8.2 

2 

6.67 

50  51.43 

2.7602 

13     9   13.0 

0.800 

DxM.  7^'. 5 

10 

SDM. 

—14  1280 

9.2 

2 

7.19 

50  56.18 

2.7287 

14  25  55.8 

0.793 

11 

SDM. 

—14  1282 

10.0' 

1 

6.16 

50  56.91 

2.7316 

14  18  36.5 

0.792 

12 

SDM. 

—14  1281 

9.6 

1 

6.19 

50  57.17 

2.7382 

14     2  41.6 

0.791 

13 

-  SDM. 

—15  1221 

8.8 

2 

6.67 

51      1.56 

2.7009 

15  32  24.8 

0.785 

DM.  8^'. 3 

14 

SDM. 

—16  1302 

S.7    • 

3 

6.84 

51     7.47 

2.6706 

16  44  34.2 

0.776 

15 

SDM. 

—14  1287 

1».3 

3 

6.14 

51   15.64 

2.7232 

14  38  46.6 

0.764 

16 

SDM. 

—14  1288 

9.0 

2 

6.66 

51   19.96 

2.7170 

14  53  34.7 

0.759 

DM.  9 ^'.6 

17 

SDM. 

—13  1306 

8.4 

2 

6.66 

51   29.18 

2.7597 

13  10  27.3 

0.745 

i 

18 

SDM. 

—11  1333 

8.8 

2 

6.62 

51  29.32 

2.7939 

11   46  41.6 

0.745 

19 

SDM. 

—  13  1310 

9.0 

2 

6.67 

51  49.60 

2.  7420 

13  53  13.7 

0.715 

20 

SDM. 

—14  1290 

9.6 

2 

6.67 

51  55.72 

2.7161 

14  55  53.1 

0.706 

21 

SDM. 

—15  1226 

[9.0] 

2 

6.16 

5  52  31.37 

-1-2.7039 

—15  25  11.7 

-1-   0.654 

DM.  7". 2 

N°-  226. 
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No. 

Magn. 

No. 
Obs. 

Epoch 

1880+ 

o  1886.0 

Free. 

6  1886.0 

Free. 

22 

SDM.  —12=1321 

9.0 

2 

6.66 

5''52""32!85 

+  2'.7738 

—12°  35' 53.8 

+   0.652 

23 

SDM.  — IG  1309 

9.4 

2 

6.66 

52  32.55 

2.6861 

16     7  23.8 

0.652 

24 

SDM.  —14  1292 

8.2 

2 

6.68 

52  35.16 

2.7338 

14   13  23.2 

0.649 

25 

SDM.  —12  1323 

9.0 

1 

6.1.3 

52  45.45 

2.7703 

12  44  31.8 

0.634 

26 

SDM.  —1.")  1229 

8.9 

2 

6.64 

52  47.17 

2.6960 

15  44     9.3 

0.631 

27 

SDM.  —12  1325 

8.4 

2 

6.18 

52  56.67 

2.7838 

12   11     6.4 

0.617 

28 

9.5. 

1 

6.19 

.53     0.73 

2.6763 

16  30  52.0 

0.611 

29 

SDM.  —10  1332 

7.7 

2 

6.70 

53     9.89 

2.8163 

10  51     3.5 

0..598 

30 

SDM.  —  9  1285 

3 

6.82 

53  39.63 

2.8472 

9  34     0.8 

0.555 

U.A.  5". 7 

31 

SDM.  —14  1300 

8.2 

2 

6.15 

54  32.16 

2.7214 

14  42  59.6 

0.478 

32 

SUM.  — !.■)  1238 

8.2 

2 

6.16 

54  38.75 

2.6940 

15  48  44.7 

0.468 

33 

SDM.  —10  1339 

9.3 

2 

6.14 

54  49.61 

2.82.59 

10  27  14.4 

0.453 

34 

SDM.  — l.-J  1239 

8.6 

2 

6.6.0 

54  54.00 

2.7125 

15     4  22.6 

0.446 

3.5 

SDM.  —10  1341 

9.0 

2 

6.64 

55  18.38 

2.8360 

10     1   58.8 

0.411 

36 

SDM.  —10  1343 

8.4 

2 

6.17 

55  21.67 

2.8323 

10  11   12.5 

0.406 

DM.  S'-.S 

37 

SDM.  —15  1242 

8.4 

2 

6.17 

55  38.51 

2.7141 

15     0  28.0 

0.381 

38 

SDM.  —10  1344 

8.2 

2 

6.68 

55  39.09 

2.8352 

10     4     4.0 

0.380 

39 

SDM.  —10  1347 

9.0 

2 

6.64 

.55  59.91 

2.8335 

10     8  15.6 

0.350 

40 

9.2 

2 

6.65 

56  25.10 

2.6791 

16  23  57.5 

0.313 

41 

SDM.  — Ifi  1333 

7.9 

3 

6.44 

56  28.66 

2.6791 

16  24     5.7 

0.308 

42 

SDM.  —18  1269 

8.8 

3 

6.83 

56  29.54 

2.6306 

18  17  27.5 

0.307 

DM.  y-.s 

43 

SDM.  —15  1249 

7.5 

2 

6.67 

56  SI. 47 

2.6995 

15  35  29.2 

0.301 

44 

SDM.  —  9  1301 

9.1 

2 

6.65 

56  40.02 

2.8439 

9  42  10.0 

0.292 

4.5 

SD^L  —  9  1303 

9.0 

2 

6.67 

56  -19.06 

2.8562 

9   10  43.5 

0.278 

46 

SDM.  —  9  1304 

9.3 

2 

6.69 

56  50.64 

2.8513 

9  23  44.4 

0.276 

47 

SD,^[.  —  9  1307 

8.8 

4 

6.43 

57  13.61 

2.8461 

9  36  37.6 

0.243 

48 

SDM.  —  9  1308 

8.8 

3 

6.82 

57   15.10 

2.8439 

9  42     5.3 

0.240 

49 

SDM.  —18  1276 

8.2 

2 

6.60 

57  24.34 

2.6234 

18  34     0.6 

0.227 

50 

SDM.  —18  1278 

8.8 

2 

6.65 

57  37.40 

2.6277 

18  23  57.8 

0.208 

DM.  8".3 

51 

SDJr.  —  9  1312 

9.2 

2 

6.65 

57  42.87 

2.854  6 

9   15     4.9 

0.200 

52 

SDM.  —  8  1297 

9.0 

2 

6.66 

56     9.18 

2.8628 

8  54  40.0 

0.162 

DM.  9".5 

53 

SDM.  —19  1335 

9.5 

2 

6.19 

58  23.18 

2.6121 

18  59  58.0 

0.141 

54 

SDM.  —  8  1303 

8.4 

2 

6.66 

58  44.90 

2.8676 

8  42  48.3 

0.110 

55 

SDM.  —18  1287 

9.0 

2 

6.65 

59  12.52 

2.6205 

18  40  39.2 

0.069 

56 

SD>L  —  8  1307 

9.2 

2 

6.65 

69  15.84 

2.8646 

8  49  20.5 

0.064 

57 

SDM.  —18  1289 

8.4 

2 

6.19 

59  23.14 

2.6121 

18  59  54.2 

0.054 

58 

SDM.  — I'J  1341 

9.1 

•    2 

6.1J) 

59  32.73 

2.6048 

19   16  22.4 

0.040 

59 

SDM.  —   9  1321 

7.9 

2 

6.68 

59  45.55 

2.8539 

9   17     1.0 

0.021 

1 

60 

SDM.  —19  1344 

9.2 

1 

6.18 

59  51.32 

2.6056 

19   15     6.4 

0.013 

1 

61 

SDM.  —  8  1312 

8.8 

2 

6.65 

59  53.36 

2.8619 

8  56  32.5 

0.010 

i 

62 

SDM.  —19  1345 

8.2 

3 

7.15 

5  59  52.78 

2.5995 

19  29     1.7 

+  0.010 

63 

SDM.  —  8  1317 

8.4 

2 

7.19 

6     0  45.76 

2.8640 

8  52     0.8 

—  0.067 

DINL  d\0 

64 

SDM.  —  8  1319 

8.2 

2 

6.16 

0  52.24 

2.8765 

8  20  24.6 

0.076 

65 

SDM.  —  8  1.120 

9.2 

2 

6.13 

0  56.38 

2.8775 

8  17  42.4 

0.082 

66 

6  Loporis 

2 

6.17 

0  59.78 

2.7161 

14  55  34.5 

O.0S7 

U.A.  5-.2 

67 

SDM.  —  8  1323 

8.5 

2 

6.16 

I  34.52 

2.8788 

8  14  30.6 

0.138 

68 

SDM.  —19  1355 

8.4 

*  3 

6.16 

1   57.68 

2.. 58  7  7 

19  55  32.0 

0.172 

(59 

SDM.  —19  1356 

9.2 

3 

6.45 

2     4.82 

2.6101 

19     4  38.2 

0.182 

DM.  8\5 

70 

SDM.  —21  1353 

6.5 

2 

6.16 

2     8.15 

2.. 53  7  7 

21   4  7  59.3 

0.187 

U.A.  6 ".3 

71 

19  Leporio 

2 

6.17 

2  44.26 

2. 6081 

19     9   12.1 

O.i40 

U.A.  5^.9                  i 

72 

SDM.  —19  1364 

8.5 

2 

6.15 

3   10.49 

2.5923 

19  45  28.0 

0.278 

73 

SDM.  —19  1365 

8.6 

2 

6.13 

3   12.59 

2.6013 

19  24  57.6 

0.281 

74 

SDM.  —19  1369 

9.5 

1 

6.18 

4    11.76 

2.5878 

19  5.5  39.3 

0.367 

75 

SDM.  —20  1297 

8.9 

3 

6.16 

4  20.77 

2.5683 

20  39  45.4 

0.380 

76 

SDI\L  —20  1299 

8.8 

2 

6.15 

4  27.40 

2.5621) 

20  54    10.6 

0.390 

77 

SDM.  —20  1300 

8.9 

2 

6.15 

4   31.18 

2.5689 

20  38  32.8 

0.395 

78 

Sim.  —20  13((3 

[8.5] 

2 

6.60 

4   53.02 

2.5731 

20  28  59.9 

0.427 

DM.  ■<    " 

79 

SDM.  —20  1309 

9.2 

1 

6. '13 

5  48.99 

2.5624 

20  53   11.0 

0.509 

80 

SDM.  —20  1312 

8.8 

2 

6.61 

5  55.92 

2.5(;;15 

L>0  50  58.8 

0.519 

81 

SDM.  —21  1383 

8.4 

3 

6.16 

6  45.74 

2.54  75 

21    26  45.6 

0.592 

82 

SDJL  —  7  132! 

8.0 

1 

6.21 

6  47.38 

2.9013 

7   17  50.6 

0.594 

S3 

SDM.  —21  1384 

1     8.8 

1     2 

6.16 

6     6  4  7.92 

+  2.5539 

—21    12  48.0 

—  0..595 

78 
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No. 

Magii. 

No. 
01)s. 

Epoch 
1880+ 

a  1886.0 

Prec. 

d  188C.0 

Prec.                  1 

1 

84 

SDM.  —22°  1338 

9.3 

1 

7.12 

i>   III  > 
6  6  58.53 

+  2*.  5305 

—22  4  35.4 

—  0.600 

85 

SDM.  —21  1385 

8.8 

2 

6.17 

7  15.65 

2.5327 

21  .59  45.7 

0.635 

DM.  9\3        ! 

86 

SDM.  —  7  1325 

8.4 

3 

6.91 

7  20.09 

2.9019 

7  16  16.6 

0.642 

1 

87 

SDM.  —21  1386 

8.7 

3 

6.17 

7  41.99 

2.5469 

21  28  14.8 

0.674 

88 

SDM.  —22  1343 

8.9 

2 

6.61 

7  45.34 

2.5181 

22  32  0.0 

0.679 

89 

SDM.  —21  1387 

9.2 

2 

6.17 

7  52.52 

2.5401 

21  43  18.4 

0.689 

p.m.  ? 

90 

SDM.  —21  1389 

9.2 

3 

6.14 

8  0.45 

2.5327 

21  59  52.9 

0.700 

91 

SD.M.  —  G  M61 

8.0 

1 

7.19 

8  24.16 

2.9132 

6  47  30.7 

0.735 

92 

SDM.  —  7  1332 

6.8 

2 

6.17 

8  26.23 

2.9033 

7  13  1.5 

0.738 

93 

SDM.  —  6  1470 

8.8 

2 

6.65 

9  25.66 

2.9128 

6  48  46.3 

0.825 

94 

SDM.  —22  1354 

8.2 

2 

6.13 

9  46.86 

2.5277 

22  11  9.8 

0.856 

95 

SDM.  —20  1336 

6.8 

2 

6.16 

10  14.22 

2.5800 

20  14  17.8 

0.895 

U.A.  6r5 

96 

SDM.  —22  1356 

8.6 

•> 

6.18 

10  53.30 

2.5287 

22  9  19.7 

0.952 

97 

10.0 

2 

6.75 

11  30.24 

2.5192 

22  30  15.9 

1.006 

98 

SDM.  —22  1361 

9.3 

2 

6.16 

11  43.68 

2.5201 

22  28  5.5 

1.027 

99 

SDM.  —22  1362 

8.8 

1 

6.19 

11  47.66 

2.5215 

22  25  19.1 

1.032 

DM.  9».4 

100 

SDM.  —22  1364 

7.0 

2 

6.15 

12  15.80 

2.5149 

22  39  58.5 

1.073 

p. ID.  Stoiie 

101 

SDM.  —22  1365 

7.6 

3 

6.17 

12  20.13 

2.5240 

22  19  59.1 

1.079 

102 

SDM.  —  6  1487 

6.9 

3 

6.93 

12  35.77 

2.9160 

6  41   1.9 

1.102 

103 

SDM.  —  6  1491 

9.0 

2 

6.16 

13  52.86 

2.9225 

6  24  24.9 

1.214 

104 

SDM.  —  6  1492 

9.4 

1 

6.18 

13  56.60 

2.9229 

6  23  28.3 

1.219 

105 

SDM.  —22  1374 

9.4 

2 

6.15 

14  3.26 

2.5113 

22  48  33.4 

1.229 

106 

SDM.  —20  1355 

6.8 

2 

6.16 

14  6.74 

2.5633 

20  52  48.9 

1.234 

U.A.  6".2 

107 

SDM.  —22  1377 

9.2 

3 

6.54 

14  25.27 

2. .5067 

22  .58  38.3 

1.261 

108 

SDM.  —22  1381 

8.6 

2 

6.63 

14  59.00 

2.5164 

22  37  38.0 

1.310 

109 

SDM.  —  6  1504 

8.6 

2 

6.17 

15  9.52 

2.9259 

6  15  58.4 

1.325 

110 

Oe.  A.  4972 

8.6 

2 

6.16 

15  19.90 

2.5047 

23  3  23.0 

1.341 

111 

9.4 

1 

6.14 

15  22.35 

2  5050 

23  2  41.9 

1.344 

112 

Yar.  2608 

7.2 

2 

6.15 

15  51.48 

2.4903 

23  35  7.2 

1.386 

113 

9.2 

2 

6.61 

17  14.18 

2.4968 

23  21  13.0 

1.507 

114 

8.9 

1 

6.19 

17  23.90 

2.5000 

23  14  24.7 

1.521 

115 

C.Z.  793 

8.2 

2 

6.16 

17  40.14 

2.4919 

23  32  10.7 

1.545 

116 

SDM.  -5-1629 

8.4 

2 

6.17 

19  32.89 

2.9374 

5  47  22.8 

1.708 

117 

A.G.C.  7785 

9.4 

■) 

6.16 

19  42.62 

2.4844 

23  48  48.8 

1.723 

118 

C.Z.  971 

9.1 

2 

6.16 

21  28.61 

2.4635 

24  35  13.3 

1.876 

119 

Oe.  A.  5135 

8.3 

2 

6.16 

22  42.20 

2.4742 

24  12  34.0 

1.983 

120 

Oe.  A.  5277 

9.0 

2 

6.16 

28  31.28 

2.4517 

25  4  54.4 

2.489 

1-21 

9.7 

1 

6.21 

28  43.45 

2.4526 

25  2  44.6 

2.507 

122 

SDM.  — 5°1694 

9.3 

3 

6.47 

29  34.78 

2.9457 

5  27  58.6 

2.581 

123 

SDM.  —5  1695 

8.6 

2 

6.68 

29  36.55 

2.9448 

5  29  53.6 

2.. 584 

124 

SDM.  —5  1697 

9.2 

2 

6.68 

29  54.62 

2.9355 

5  53  47.2 

2.610 

125 

C.Z.  1393 

8.4 

2 

6.17 

30  35.66 

2.4333 

25  44  58.0 

2.669 

126 

C.Z.  1492 

8.4 

2 

6.16 

32  26.97 

2.4293 

25  55  16.6 

2.830 

127 

C.Z.  1550 

8.4 

2 

6.16 

33  40.88 

2.4268 

26  1  14.2 

2.937 

128 

C.Z.  1.588 

9.0 

2 

6.17 

34  33.84 

2.4309 

25  53  35.0 

3.013 

129 

C.Z.  1592 

9.1 

2 

6.20 

34  35.60 

2.4204 

26  15  47.9 

3.016 

130 

C.Z.  1606 

8.7 

1 

6.14 

34  52.10 

2.4191 

26  18  39.0 

3.039 

131 

C.Z.  1638 

8.2 

2 

6.16 

35  19.52 

2.4085 

26  41  2.4 

3.079 

132 

C.Z.  1669 

8.4 

2 

6.16 

35  52.41 

2.4224 

26  12  17.0 

3.126 

133 

9.4 

2 

6.20 

38  37.76 

2.4084 

26  44  32.6 

3.364 

134 

C.Z.  1821 

8.3 

2 

6.16 

38  44.02 

2.4195 

26  21  25.1 

3.373 

135 

C.Z.  1909 

7.2 

3 

6.18 

40  18.93 

2.3949 

27  14  1.4 

3.509 

p.m.  Kreutz 

136 

A.G.C.  8444 

10.2 

2 

6.16 

43  9.62 

2.4072 

26  53  44.4 

3.754 

137 

C.Z.  2115 

9.0 

2 

6.17 

43  41.06 

2.4056 

26  56  34.8 

3.799 

138 

C.Z.  2137 

8.0 

.  2 

6.17 

44  1.59 

2.3963 

27  15  12.6 

3.829 

139 

Yar.  2748 

7r8 

3 

6.19 

44  6.86 

2.3720 

28  5  14.3 

3.836 

140 

C.Z.  2150 

8.9 

1 

6.15 

44  16.14 

2.3968 

27  14  16.2 

3.850 

141 

C.Z.  2228 

7.5 

2 

6.16 

45  32.49 

2.3987 

27  12  9.0 

3.959 

142 

C.Z.  2374 

8.8 

2 

6.17 

48  1.05 

2.3878 

27  38  2.3 

4.171 

p.m.? 

143 

C.Z.  2404 

6.5 

2 

6.16 

48  25.44 

2.4117 

26  48  58.7 

4.206 

144 

C.Z.  2423 

9.0 

2 

6.17 

48  44.70 

2.3855 

27  43  44.2 

4.233 

145 

C.Z.  2429 

8.4 

2 

6.17 

6  48  56.50 

+  2.3864 

—27  42  24.3 

—  4.250 

N"  226. 
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No. 

Magn. 

No. 
Obs. 

Epoch 

]8Sf)+ 

a  188G.0 

Free. 

d  188C.0 

Free. 

146 

C.Z.  2463 

8.3 

2 

6.16 

6"49"'29!42 

+  L\3895 

—27  37  5.6 

—  4.297 

147 

C.Z.  2495 

8.8 

2 

6.21 

50  0.10 

2.3954 

27  24  56.0 

4.341 

14& 

C.Z.  2523 

9.0 

1 

6.19 

50  32.08 

1   2.3794 

27  58  29.8 

4.386 

14'J 

9.7 

3 

6.18 

51  51.37 

2.3827 

27  53  23.4 

4.499 

l.iO 

9.6 

4 

6.74 

52  59.84 

2.3810 

27  59  3.8 

4.596 

151 

C.Z.  2808 

8.5 

2 

6.16 

55  2.78 

2.3896 

27  44  3.9 

4.771 

152 

C.Z.  2819 

7.8 

2 

6.21 

55  13.82 

2.3749 

28  14  31.6 

4.786 

153 

C.Z.  2848 

8.8  ■ 

3 

6.20 

55  44.91 

2.3695 

28  26  52.5 

4.8.30 

154 

Yar.  2834 

6.6 

2 

6.21 

56  12.19 

2.3734 

28  19  40.2 

4.869 

'  155 

o-  C'aiiis  JIaj. 

2 

6.17 

57  10.68 

2.3902 

27  46  20.8 

4.952 

U.A.  3".6 

15G 

C.Z.  2994 

8.9 

2 

6.16 

57  41.56 

2.3700 

28  28  44.7 

4.995 

157 

9.2 

2 

6.17 

58  27.84 

2.3714 

28  27  19.0 

5.060 

158 

C.Z.  3125 

9.1 

2 

6.16 

6  59  54.42 

2.3646 

28  43  37.4 

5.183 

159 

C.Z.  38 

8.7 

2 

6.16 

7  1  0.28 

2.3605 

28  53  49.6 

5.275 

160 

A.G.C.  9006 

8.8 

2 

6.16 

3  12.16 

2.3649 

28  48  45.8 

5.460 

161 

8.2 

2 

6.16 

4  2.98 

2.3766 

28  26  0.5 

5.546 

162 

C.Z.  279 

8.2 

2 

6.20 

4  20.38 

2.3653 

28  50  14.2 

5.556 

163 

9.2 

1 

6.18 

5  25.55 

2.3583 

29  6  20.2 

5.648 

164 

C.Z.  38G 

8.2 

3 

6.19 

6  1 .58 

2.3572 

29  9  41.0 

5.698 

165 

9.4 

3 

6.19 

7  2.02 

2.3.54  7 

29  16  44.5 

5.782 

166 

C.Z.  574 

8.2 

2 

6.16 

8  58.24 

2.3650 

28  59  18.9 

5.944 

167 

Oe.A.  G475 

7.8 

2 

6.16 

10  24.65 

2.3729 

28  46  0.6 

6.065 

168 

10.2 

2 

6.71 

11  19.08 

2.3585 

29  17  26.2 

6.140 

169 

C.Z.  757 

8.9 

3 

6.17 

11  31.49 

2.3587 

29  17  30.8 

6.158 

170 

C.Z.  762 

9.3 

3 

6.46 

11  33.37 

2.3588 

29  17  13.2 

6.160 

171 

8.5 

2 

6.15 

12  31.10 

2.3528 

29  31  37.0 

6.240 

172 

C.Z.  884 

8.6 

2 

6.20 

13  12.84 

2.3599 

29  18  27.1 

6.298 

173 

9.0 

1 

6.18 

13  M.02 

2.3525 

29  33  43.6 

6.300 

174 

A.G.C.  9304 

8.3 

2 

6.15 

13  49.09 

2.3497 

29  40  40.6 

6.348 

175 

C.Z.  1109 

8.3 

2 

6.16 

10  21.75 

2.3532 

29  38  59.4 

6.559 

176 

C.Z.  1270 

7.9 

2 

6.16 

18  29.06 

2.3591 

29  31  55.4 

6.734 

177 

A.G.C.  9466 

8.0 

2 

6.17 

19  13.86 

2.3395 

30  13  43.9 

6.796 

178 

C.Z.  1341 

6.8 

2 

6.16 

19  26.96 

2.3466 

29  59  45.4 

6.814 

179 

C.Z.  1373 

8.9 

2 

6.17 

19  49.46 

2.3491 

29  55  26.6 

6.845 

180 

A.G.C.  9502 

9.4 

2 

6.22 

20  22.20 

2.3.542 

29  46  19.0 

6.889 

181 

A.G.C.  9526 

8.9 

3 

6.17 

20  50.05 

2.3550 

29  45  52.5 

6.927 

182 

C.Z.  1507 

8.6 

2 

6.22 

21  41.65 

2.3477 

30  2  53.0 

6.998 

183 

A.G.C.  9580 

9.8 

3 

6.20 

23  5.01 

2.3535 

29  .53  22.8 

7,112 

184 

A.G.C.  9597 

8.6 

2 

6.18 

23  38.96 

2.3690 

29  23  30.1 

7.158 

185 

C.Z.  1648 

9.0 

3 

6.21 

23  47.14 

2.3546 

29  53  34.3 

7.169 

186 

9.0 

1 

6.21 

24  46.01 

2.3,545 

29  56  23.5 

7.249 

187 

C.Z.  173.-. 

9.1 

3 

6.16 

25  7.22 

2.3524 

30  1  24.8 

7.278 

188 

C.Z.  1713 

8.9 

2 

6.21 

25  15.48 

2.3546 

29  57  18.4 

7.289 

189 

C.Z.  1826 

8.3 

1 

6.18 

20  30.59 

2.3461 

30  18  1.0 

7.391 

190 

C.Z.  1851 

8.4 

2 

6.17 

26  48.21 

2.3471 

30  16  40.3 

7.415 

191 

C.Z.  1860 

8.4 

3 

6.18 

26  52.08 

2.3.505 

30  9  46.5 

7.420 

192 

C.Z.  2039 

8.4 

3 

6.17 

29  17.19 

2.3.543 

30  8  29.7 

7.617 

1 

193 

C.Z.  2405 

8.9 

2 

6.16 

34  19.48 

2.3592 

30  12  9.8 

8.023 

i 

194 

C.Z.  2515 

9.3 

3 

6.27 

35  42.13 

2.3596 

30  15  25.3 

8.133 

1 

195 

C.Z.  2827 

8.6 

2 

6.16 

39  37.96 

2.3455 

30  56  38.4 

8.446 

196 

C.Z.  2844 

9.2 

■> 

6.21 

39  47.60 

2.3733 

29  58  19.4 

8.459 

197 

C.Z.  2847 

8.1 

3 

6.19 

39  50.70 

2.3739 

29  57  39.7 

8.463 

198 

A.G.C.  10094 

9.2 

3 

6.16 

40  42.30 

2.3612 

30  26  46.8 

8.531 

199 

C.Z.  3197 

7.0 

3 

6.16 

44  6.87 

2.3655 

30  28 'l  9.0 

8.800 

200 

C.Z.  3735 

6.8 

2 

6.16 

50  43.64 

2.3718 

.30  37  5.1 

9.316 

201 

C.Z.  4078 

8.4 

2 

6.15 

54  43.33 

2.3812 

30  30  47.0  , 

9.625 

202 

C.Z.  4290 

7.5 

1 

6.15 

57  2.20 

2.3916 

30"  16  34.3  i 

9.802 

203 

C.Z.  4296 

7.8 

2 

6.1jj 

57  3.22 

2.3907 

30  18  18.2 

9.803 

204 

9.3 

3 

6.17 

7  59  19.25 

2.3853 

30  38  50.2 

9.976 

205 

A. (i.e.  1()71.S 

8.8 

2 

6.15 

8  0  58.96 

2.3929 

30  28  33.7 

10.101 

206 

C.Z.  120 

8.8 

2 

6.20 

1  58.96 

2.3945 

30  29  0.1 

10.177 

207 

9.3 

1 

6.18 

8  2  11.39 

+  2.3945 

—30  29  43.2 

—10.193 

80 


T  HE     ASTRONOMICAL     JO  L  K  N  A  L  . 


N"  226. 


No. 

Magu. 

No. 
Obs. 

Epoch 
1880+ 

a  188G.0 

Free. 

d  1886.0 

I'rcc. 

208 

C.Z.  2:?7 

8.8 

2 

6.17 

8     3  33.66 

+  2.5973 

—30  28   18.2 

—10.296 

209 

C.Z.  241 

8.6 

2 

6.17 

3  36.06 

2.3978 

30  27  36.3 

10.299 

210 

C.Z.  27.'i 

9.1 

2 

6.20 

4     3.03 

2.3939 

30  37  45.2 

10.333 

, 

211 

C.Z.  Ill 

8.8 

3 

6.17 

5  59.85 

2.3991 

30  34   15.4 

10.478 

212 

A.G.C.  10911 

9.3 

9 

6.22 

7  34.08 

2.4038 

30  29  55.4 

10.595 

213 

9.2 

3 

6.64 

8   15. -15 

2.40.56 

30  28  51.7 

10.646 

214 

C.Z.  814 

8.1 

2 

6.20 

10  26.02 

2.4087 

30  30  34.8 

10.807 

215 

C.Z.  875 

8.6 

2 

6.21 

11    11.16 

2.4116 

30  27  41.7 

10.802 

216 

C.Z.  891 

6.8 

2 

6.22 

11    18.32 

2.4087 

30  34  33.8 

10.871 

217 

C.Z.  894 

8.4 

1 

6.19 

11   20.84 

2.4113 

30  28  45.1 

10.874 

218 

C.Z.  993 

8.8 

2 

6.22 

12  32.80 

2.4147 

30  25  46.5 

10.962 

219 

8.9 

2 

6.21 

13  38.48 

2.4182 

30  22  52.6 

11.042 

■ 

220 

C.Z.  1244 

7.8 

2 

6.20 

15  29.92 

2.4123 

30  44  17.9 

11.178 

221 

C.Z.  1319 

8.8 

2 

6.20 

16   29.77 

2. 4276 

30  13  21.6 

11.250 

t 

222 

C.Z.  1.534 

8.0 

2 

6.20 

IX  54.00 

2.4270 

30  26     5.0 

11.424 

223 

C.Z.  1541 

9.3 

1 

6.23 

8  19     3.23 

2.4367 

—30     3  .53.5 

—11.435 

1 

(^Conclusion  follows  in  no.  227.) 

I^EW  ASTROIJ^OMICAL    WORKS. 


Observations  de  I'mih-uni.  jmhliees  pir  Otto  Stuuve,  Directeur  de 

r Observatoirc  Ciih.il    Xicnias.  Vol.  VIII,   Catalogues  d' Etoiles, 

deduils  des  obs(ro<iiinii.-<  juibJiijes  dans  les  Vols.  VI  et  VII.     1889. 

This  iiupoiaatit  volume  contains  tlie  llnal  results  tleduccd  from 
the  observations  made  with  the  Hei'sold  meridian-circle  during  the 
years  lyty  to  KSG!»,  and  published  in  volumes  VI  and  VII  of  the 
I'ulkowa  series. 

Till'  ori-final  programme  of  the  elder  Stuuve  provided  that  the 
ineridian-cirele  should  be  devoted  to  the  reobservation  of  all  of 
Bi!,vDLEY's  stars,  north  of  the  parallel  of  — 15°,  together  with  such 
additional  ones,  down  to  the  sixth  magnitude,  as  had  been  included 
by  AuGEi-.vxDEU  in  his  Uranometry;  each  star  being  observed  in 
four  ditlerenl  positions  of  the  instrument,  viz.  :  with  the  object- 
glass  at  each  end  of  the  tube  both  for  Clamp  East  and  Clamp  West. 
For  the  right-ascensions,  he  had  intended  that  the  positions  of  the 
fundamental  stars  should  be  those  of  Bkssei.,  but  the  positions  cle- 
terrained  with  the  large  Pulkowa  transit-instrument  were  afterwards 
substituted.  So  too,  for  the  declinations,  those  of  the  principal 
stars,  as  determined  with  the  Ektel  vertical  circle  have  been 
adopted  as  fuudaraental,  and  the  whole  system  referred  to  these. 

The  preface  to  the  volume  contains  a  detailed  account  of  the  ob- 
servations and  of  their  computation,  with  full  reference  to  the  es- 
pecial labors  of  the  several  astronomers  who  took  part  iu  the  work. 

The  series  of  catalogues  begins  with  the  positions  for  1855.0  of 
the  380  stars  which  form  the  fundamental  system  to  which  the  other 
catalogues  are  referred.  These  are  deduced  from  a  comliinatiou  of 
the  Pulkowa  fundamental  catalogues  for  l.S4,"i  and  ISiio.  according  to 
rules  which  are  fully  set  forth.  To  these  posit  ions  arc  appended,  for 
each  coordinate,  two  terms  of  the  annual  precession  :uid  the  proper 
motion  of  the  star  according  to  .-Voweus's  latest  determinations. 

Next  follows  Section  I,  which  shows  the  results  of  c^ach  separate 
observation,  reduced  to  the  epoch  and  equinox  of  1855.0.  They 
are  divided  into  four  belts,  according  to  declination;  and  in  each 
have  been  applied  the  small  corrections  requisite  for  referring  them 
to  the  mean  of  the  four  positions  of  the  instrument  and  to  the 
mode  of  observation  of  the  principal  observer  in  the  belt.  With 
each  declination  is  given,  in  smaller  type,  the  total  amount  of  the 
reductions  tliu>  applied  to  the  value  given  in  volume  VI  and  VII. 

The  accidental  errors  of  observation  are  given  as  varying  between 
the  limits  ±0«.056  and  ±0^082,  according  to  the  declination,  and 
between  ±0".42  and  ±0".65  for  diflerent  observers  and  declinations ; 
so  that  those  of  the  catalogue-places  deduced  from  ol)servations 
made  in  flie  four  positions  of  the  instrument  are  inferred  to  be  from 
0^03   toO'.O'i  and  0".26. 


Section  II  consists  of  the  resultant  calalogue  of  3542  stars;  and. 
in  this,  the  means  of  the  positions  given  in  Section  I  are  slightly 
modified,  iu  order  to  reduce  them  to  '.he  fundamental  system.  Two 
terms  of  the  annual  precession  are  given  for  each  coordinate,  as 
well  as  the  values  adopted  for  the  proper  motion. 

Section  III  contains  a  catalogue  of  1404  other  stars,  which  have 
been  incidentally  observed,  although  not  belonging  to  the  original 
programme.  .Among  these  are  numerous  stars  which  have  served 
for  comparison  with  comets  and  asteroids,  as  well  as  some  double 
stars,  and  others  yet  which  have  been  determined  for  special  pur- 
poses. This  catalogue  al-o  is  referred  to  the  fundamental  .system, 
and  gives  the  annual  precessions. 

An  Appendix  shows  the  several  values  for  the  declination  of  the 
380  principal  stars,  as  deduced  for  each  of  the  four  observers  in 
each  of  the  four  positions  of  the  instrument;  and  likewise  contains 
a  list  of  corrections  for  each  of  the  three  volumes,  VI,  VII  and  VIII. 

The  volumes  of  the  Pulkowa  series  have  now  been  published  to 
XIV  inclusive,  with  the  exception  of  X.  The  preface  to  this  vol. 
VIII  bears  the  date  Fel)ruary  1880;  and  the  volume  forms  a  noble 
close  for  the  administration  of  Mr.  Otto  Struve. 


Publications  of  Carletnn  College  Obsenatory ,  I.  —  Catalogue  of  644 
Comparison- stars,  observed  dwing  the  years  1887  to  1880  and  pre- 
pared for  puhJiriiHoi).  under  the  direction  o/ Wii.l.l.vM  W.  Pavxe, 
Professor  (f  MnOirmntirs  and  Axlrnnumy  and  Director  of  the  Ob- 
servatory, hij  lli.i:iii;i:r  ('.  Wilson,  Ph.D.,  Assistant  Professor  of 
Astronomy.     Northliehl,  Minn.,  ls!»0. 

The  greater  part  of  the  stars  here  observed  are  comparatively 
faint  ones,  near  to  nebulas,  the  positions  of  which  had  l)een  de- 
termined by  niicrometric  comparison  with  them  by  Prof.  OitMONP 
Stoxe,  at  the  University  of  Virginia.  There  are  also  a  few  which 
have  been  used  as  comparison-stars  in  observations  of  comets.  The 
individual  observations  are  given,  as  well  as  their  mean,  all  being 
referred  to  tlie  mean  equinox  of  1890.0. 

The  meridian  circle,  made  by  Repsold  &  Soxs  in  1885,  is  described 
in  the  Introduction,  as  also  the  methods  employed  for  determining 
the  corrections. 

Dr.  Wilson-  gives  the  probable  errors,  for  a  night's  observation, 
as  ranging  between  ±0'.02  and  ±0".4,  for  stars  between  6"  and  T*', 
to  ±0-".10  and  ±0".9  for  those  between  94^  and  10". 

To  the  catalogue  is  appended  a  table  of  the  deduced  positions  of 
87  time-stars,  and  a  comparison  of  these  with  the  places  given  in 
the  Berliner  Jahrhuch. 


CON  T  E  NTS. 
The  Seculak  Vari.\tion  of  the  Motion  of  the  Moos's  Perigee,  by  Prof.  G.  W.  W 
Observations  of  the  Satellites  op  Mars  in  1890,  by  Prof.  A.  Hall. 
Positions  of  465  Comparison- Stars  Determined  at  Albany,  by  Prof.  Lewis  Boss. 
New  Astronomical  Works. 
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POSITIONS   OF  46.ni   COMPARISOIN^-STARS  DETERMINED   AI' 

By  lewis  boss. 


ALBANY 


Cnncliidpil,  from  no.  226.) 


No. 

Magn. 

No. 
Obs. 

Epoch 
1880+ 

a  1886.0 

Prec. 

i  1886.0 

Prec. 

224 

C.Z.  1543 

8.0 

2 

6.23 

8*' 19'"  4'.  14 

+  2!4378 

—30  1  32.0 

—11.436 

225 

C.Z.  1611 

9.0 

3 

6.54 

19  52.12 

2.4327 

30  17  12.5 

11.493 

226 

C.Z.  1614 

9.1 

2 

6.71 

19  54.20 

2.4326 

30  17  21.5 

11.496 

227 

C.Z.  1983 

8.2 

2 

6.21 

24  12.00 

2.4589 

29  34  20.4 

11.802 

228 

C.Z.  2000 

8.4 

2 

6.22 

24  19.65 

2.4367 

30  28  12.9 

11.811 

•  229 

C.Z.  2025 

8.4 

2 

6.21 

24  38.60 

2.4494 

29  59  10.2 

11.833 

p.m.  ? 

230 

C.Z.  2068 

8.2 

2 

6.22 

25  12.40 

2.4516 

29  56  40.4 

11.873 

231 

A.G.C.  11514 

8.9 

2 

6.21 

28  55.41 

2.4614 

29  51  21.1 

12.133 

232 

A.G.C.  11527 

9.0 

2 

6.23 

29  7.44 

2.4607 

29  53  22.0 

12.147 

233 

C.Z.  2430 

9.0 

2 

6.21 

29  33.08 

2.4646 

29  46  55.0 

12.177 

234 

C.Z.  2595 

8.2 

2 

6.22 

31  33.80 

2.4583 

30  12  9.5 

12.316 

1 

235 

C.Z.  2603 

8.5 

2 

6.23 

31  42.70 

2.4723 

29  38  40.6 

12.327 

230 

C.Z.  2765 

8.4 

2 

6.22 

33  39.64 

2.4779 

29  35  8.0 

12.461 

' 

237 

1  Pvxidis 

2 

6.22 

34  58.60 

2.4908 

29  9  21.2 

12.551 

U.A.  5".4 

238 

C.Z.  3108 

8.4 

2 

6.22 

38  19.12 

2.4986 

29  6  53.2 

12.778 

1 

239 

C.Z.  3401 

7.2 

3 

6.22 

41  49.83 

2.5005 

29  20  29.1 

13.013 

240 

C.Z.  3403 

7.5 

2 

6.23 

41  51.14 

2.5013 

29  18  40.4 

13.014 

241 

C.Z.  3476 

8.8 

2 

6.22 

42  46.14 

2.5046 

29  15  10.2 

13.075 

242 

C.Z.  3071 

8.8 

2 

6.22 

■15  15.50 

2.5147 

29  2  20.8 

13.240 

243 

W.M.Z.  102.56 

9.0 

2 

6.23 

45  36.06 

2.5200 

28  50  45.5 

13.262 

244 

C.Z.  3811 

.  8.6 

2 

6.22 

47  0.62 

2.5188 

29  2  6.6 

13.354 

245 

C.Z.  3828 

9.0 

2 

6  23 

47  15.20 

2.5200 

28  59  58.6 

13.370 

■-'16 

A.(;.C.  12100 

9.2 

2 

6.22 

49  20.82 

2.5301 

28  45  25.4 

13.506 

217 

C.Z.  4158 

8.0 

2 

6.22 

51  30.52 

2.5290 

29  0  55.8 

13.645 

248 

C.Z.  4169 

8.0 

2 

0.23 

51  39.95 

2.5319 

28  54  28.9 

13.656 

249 

C.Z.  4175 

9.0 

2 

6.23 

51  52.42 

2.5354 

28  46  0.2 

13.669 

250 

C.Z.  4180 

[9.4] 

2 

6.24 

51  58.54 

2.5385 

28  38  32.7 

13.675 

251 

C.Z.  4266 

8.6 

2 

6.22 

53  7.98 

2.5458 

28  25  51.0 

13.749 

252 

C.Z.  4367 

7.0 

3 

6.23 

54  25.44 

2.5498 

28  21  51.1 

13.831 

253 

C.Z.  4427 

8.8 

3 

6.23 

55  14.08 

2.5484 

28  30  29.9 

13.883 

•-'54 

[9.5] 

1 

6  23 

55  17.58 

2.5804 

27  2  46.8 

13.886 

255 

Yiir.  3808 

7.0 

2 

6  22 

56  11.88 

2.5813 

27  4  9.5 

13.943 

256 

C.Z.  4514 

8.9 

2 

6.25 

56  15.60 

2.5633 

27  55  18.5 

13.947 

257 

C.Z.  4530 

8.3 

2 

6.25 

56  24.03 

2.5533 

28  23  10.4 

13.956 

258 

A.  (i.e.  12308 

9.0 

2 

6  22 

57  26.28 

2.5610 

28  8  53.8 

14.021 

259 

A.C.C.  12337 

9.5 

2 

6.23 

8  58  31.34 

2.5661 

28  1  7.8 

14.089 

260 

C.Z.  4833 

7.0 

2 

6.22 

9  0  15.14 

2.5583 

28  3a  49.8 

14.196 

261 

9.5 

3 

6.25 

2  46.60 

2.5855 

27  32  39.7 

14.351 

262 

9.1 

2 

6.76 

2  19.16 

2.5645 

28  32  89.6 

14.354 

263 

C.Z.  1911 

8.0 

2 

6.23 

2  54.26 

2.5816 

27  44  21.0 

14.359 

264 

C.Z.  239 

8.6 

2 

6.22 

3  20.04 

2.5706 

28  1  34.4 

14.385 

265 

C.Z.  320 

8.2 

3 

6.23 

4  I.J. 82 

2.5853 

27  42  13.4 

14.440 

266 

9.6 

3 

6.23 

5  36.18 

2.5881 

27  42  46.0 

14.523 

267 

C.Z.  i;;7 

8.9 

3 

6.32 

5  37.97 

2.5S81 

27  43  10.9 

11.525 

268 

C.Z.  469 

8.8 

2 

6.23 

6  8.57 

2.6044 

26  58  84.1 

14.555 

269 

C.Z.  51K 

8.0 

2 

6.22 

9  6  56.80 

+  2.5881 

—27  .50  57.8 

—14.608 

82 

THK     ASTRONOMICAL    JOURNAL. 

N"  227 

No. 

MaRii. 

No. 
Obs. 

Kpocli 
1880+ 

a  188G.0 

1       Prcc. 

6  188n.O 

I'rcc. 

270 

Oe.A.  ;)4.)7 

9.3 

3 

6.25 

9     7"'23!07 

+  2!6016 

—27   14   39.2 

—  14!o30 

271 

C.Z.  654 

7.9 

2 

6.24 

8  46.75 

2.5925 

27  50     5.4 

14.713 

272 

A.G.(;.  I  2561 

9.0 

4 

6.26 

i)     1 .36 

2.6091 

27     2  41.H 

14.728 

273 

C.Z.  690 

[9.2] 

2 

6.24 

y  16.58 

2.6120 

26  55  43. H 

14  743 

274 

C.Z.  835 

8.5 

3 

6.24 

10  59.87 

2.6199 

26  43  17.0 

14.«44 

275 

C.Z.  1008 

8.7 

3 

6.23 

13     9.12 

2.6230 

26  48  13.3 

14.'.»70 

276 

W.M.Z.  244.2 

9.0 

2 

6.24 

15     4.02 

2.6380 

26   14  21.8 

15.0«1 

277 

C.Z.  1162 

8.5 

2 

6.22 

15     6.50 

2.6350 

20  22  14.0 

15.08-1 

278 

9.2 

2 

6.24 

15   16.06 

2.6331 

20  31   30.8 

15.0!)3 

279 

e  Pvxiilis 

3 

6.23 

16  26.79 

2.6554 

25  28  50.8 

15.161 

l.A.  5\2 

280 

C.Z'.  1296 

8.3 

2 

6.24 

16  42.43 

2.6518 

25  41   48.0 

15.176 

281 

C.Z.  1127 

8.2 

2 

6.23 

18  19.82 

2.6557 

25  40  40.8 

15.268 

282 

9.1 

2 

6.24 

18  40.36 

2.6595 

25  29     9.2 

15.2.SS 

283 

9.3 

2 

6.26 

18  47.57 

2.  G596 

25  31    15.2 

15.2'J4 

284 

9.5 

2 

6.25 

20  10.71 

2.6541 

25  58  24.8 

15..-!  73 

285 

9.0 

2 

6.26 

20  20.78 

2.6660 

25  21    15.7 

15.382 

286 

9.4 

2 

6.28 

21     0.90 

2.6542 

26     4   16.4 

15.41!) 

287 

C.Z.  1690 

8.9 

2 

6.24 

21   36.21 

2.6.553 

26     5     0.0 

15.452 

288 

9.2 

2 

6.23 

22  21.50 

2.6713 

25  17  15.6 

15.41)4 

289 

C.Z.  1778 

8.8 

2 

6.24 

22  39.88 

2.6618 

25  57  56.4 

15.511 

290 

C.Z.  1830 

8.0 

2 

6.25 

23  21.18 

2.6642 

25  48     5.1 

15.54!) 

291 

C.Z.  1849 

[8.5] 

2 

6.22 

23  36.86 

2.6638 

25  51      2.6 

15.564 

292 

C.Z.  1940 

7.0 

2 

6.22 

24  37.40 

2.6614 

26     5  38.7 

15.619 

p.m. 

293 

C.Z.  1945 

8.0 

2 

6.24 

24  40.10 

2.6810 

25     1   42.6 

15.622 

294 

C.Z.  19B0 

6.0 

2 

6.22 

24  50.92 

2.6624 

26     5  25.0 

15.632 

295 

D.O 

2 

6.24 

25     7.50 

2.6733 

25  30  59.'.) 

15.647 

296 

C.Z.  2027 

7.0 

2 

6.24 

25  35.18 

2.6815 

25     6  54.0 

15.672 

297 

C.Z.  2074 

JS.I 

4 

6.28 

26  11.48 

2.7051 

23  50  30.8 

15.705 

298 

10.0 

3 

6.26 

26  14.38 

2.6779 

25  23     7.6 

15.708 

299 

C.Z.  2148 

9.0 

2 

6.25 

27     3.56 

2.6849 

25     5   13.2 

15.752 

300 

C.Z.  2333 

[8.6] 

2 

6.22 

29  18.95 

2.7081 

24     1   47.4 

15.874 

301 

C.Z.  2348 

8.1 

2 

6.24 

29  32.86 

2.6982 

24  38  25.5 

15.886 

302 

Oe.A.  9870 

9.0 

2 

6.24 

29  34.92 

2.6951 

24  49   15.8 

15.888 

303 

Oe.A.  9893 

9.0 

2 

6.22 

30  39.68 

2.7056 

24  20  40.8 

15.945 

304 

Oe.A.  9910 

8.7 

2 

6.24 

31   20.88 

2.7176 

23  43     4.0 

15.!)82 

305 

C.Z.  2488 

6.9 

3 

6.26 

31   25.53 

2.7097 

24   11   40.2 

15.986 

306 

C.Z.  2525 

[6.4] 

2 

6.22 

31   52.56 

2.7005 

24  47   13.2 

10.009 

307 

DM.  — 0°2229 

8.2 

2 

6.24 

32  24.03 

3.0590 

0  57  46.8 

16.037 

308 

SDM.  — 22°2673 

[8.5] 

2 

6.20 

33  53.36 

2.7415 

22  34  51.5 

16.115 

DM.  7". 3       [3».9 

309 

(  Hydiae 

4 

6.24 

34     2.04 

3.0639 

0  37  33.7 

16.122 

p.ni.Atiwc'vs.  r.A. 

310 

C.Z.  2789 

8.7 

2 

6.23 

35  45.85 

2.7281 

23  38     3.4 

16.212 

311 

C.Z.  2811 

8.9 

2 

6.25 

36     0.56 

2.7324 

23  23  51.4  ' 

16.225 

312 

C.Z.  2817 

2 

6.27 

36     5.00 

2.7378 

23     4   25.4  1 

16.228 

U.A.  5".2 

313 

Oe.A.  10034 

8.2 

4 

6.50 

36  50.01 

2.7283 

23  45  16.0 

16.267 

314 

C.Z.  2871 

8.5 

2 

6.26 

36  55.90 

2.7377 

23   11    19.8 

16.272 

315 

9.2 

1 

6.30 

37     3.11 

2.7290 

23  44  37.5 

10.278 

[5\4 

316 

C.Z.  2880 

3 

6.27 

37     5.77 

2.7346 

23  24  14.8 

10.280 

J). 111.  Kieutz.l'.A. 

317 

SDM.  — 22°2693 

8.6 

2 

6.23 

37  37.96 

2.7510 

22  26  45.0 

16.308 

DM.  7\8 

318 

SDM.  —22  2704 

8.8 

3 

6.25 

39     5.14  : 

2.7500 

22  41   32.9 

16.381 

319 

SDM.  —22  2705 

8.4 

2 

6.26 

39  22.32  1 

2.7578 

22  13  46.8  ! 

16.396 

DM.  (.".S 

320 

SDM.  —22  2706 

8.1 

2 

6.24 

39  23.56  ! 

2.7482 

22  50  15.6 

16.397 

p.m.? 

321 

SDM.  —22  2707  1 

8.2 

2 

6.25 

39  26.24 

2.7449 

23     2  59.0  '■ 

16.399 

322 

C.Z.  3049 

8.0 

3 

6.58 

39  42.80  1 

2.7471 

■2-2  57  37.2  j 

16.413 

323 

C.Z.  3078 

9.2 

2 

6.25 

40     1.88 

2.7379 

23  34  17.4  1 

16.429 

324 

8.8 

.1 

7.23 

40  26.89 

2.7402 

23  28     6.9 

16.450 

325 

SDM.  — 2r2904 

7.^8 

■  4 

6.27 

41     2.54 

2.7626 

22     7  38.6  1 

16.480 

326 

SDM.  —22  2725 

9.4 

2 

6.24 

41   37.62  1 

2.7580 

22  30  30.8 

16.509 

327 

SDM.  —21  2907 

8.0 

2 

6.25 

41  51.42 

2.7786 

21    10  27.6  I 

16.520 

328 

SDM.  —22  2722 

9.2 

2 

6.25 

43     5.68 

2.7654 

22  12  34.5 

16.581 

329 

SDM.  —22  2725 

8.1 

3 

6.25 

43   19.22 

2.7668 

22     9     3.3 

16.592 

330 

SDM.  —21  2912 

8.0 

3 

6.27 

43  32.79 

2.7772 

21   29  20.7 

16.603 

DM.  7". 2 

331 

DM.     —  0  2256 

8.2     1 

2 

6.30 

9  44  35.52 

+  3.0610 

—  0  53  27.0  ] 

—16.655 

N"  -Ji 

". 

TH 
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No. 

Magii. 

No. 
Obs. 

Epoch 
1880+ 

a  188G.0 

Prcc. 

d  188G.0 

Free.       ! 

332 

SDM. 

— 22''2733 

10.5 

1 

7.23 

9  44  40.78 

4-2!7672 

—22°  17  45.4 

-16.659 

Rough  OIjs.  DM. 

333 

SDM. 

—22  2739 

[6.0] 

2 

6.26 

45  47.96 

2.7666 

22  29     1.9 

16.713 

DM.  6".6       [9''.8 

334 

SDM. 

—22  2741 

[9.0] 

2 

6.27 

45  59.06 

2.7678 

22  25  46.2 

16.722 

DM.  H^.H 

335 

SDM. 

—22  2742 

9.2 

1 

6.27 

46  12.11 

2.7614 

22  52  20.4 

16.733 

336 

SDM. 

—22  2746 

9.6 

3 

6.57 

46  43.84 

2.7735 

22     8  38.7 

16.758 

337 

SDM. 

—21  2928 

[9.5] 

2 

6.24 

47  39.76 

2.7864 

21   24  16.8 

16.803 

338 

SDM. 

—21  2931 

9.2 

2 

6.24 

48  25.18 

2.7894 

21   18  29.5 

16.839 

339 

SDM. 

—  21  2935 

2 

6.24 

49  14.70 

2.7814 

21  56  57.1 

16.878 

U.A.  6".3 

340 

SDM. 

—  18  2810 

2 

6.23 

49  29.62 

2.8317 

18  28  10.6 

16.890 

p.m.?  r.A.  5".6 

341 

SDM. 

—21  2941 

8.0 

2 

6.25 

49  48.35 

2.7847 

21  47  45.6 

16.904 

342 

SD.M. 

—  19  2864 

9.3 

4 

6.28 

50     5.26 

2.8166 

19  37  10.4 

16.918 

343 

SDM. 

—19  2865 

8.6 

2 

6.27 

50     7.04 

2.8192 

19  26  22.6 

16.919 

DM.  8\0 

344 

SDM. 

—20  3049 

8.2 

2 

6.25 

50  25.96 

2.8090 

20  12  14.6 

16.934 

p.m.  ? 

34.0 

SDM. 

—20  3051 

9.0 

2 

6.25 

50  34.78 

2.7985 

20  57     9.7 

16.941 

3-16 

SDM. 

—20  3052 

8.6 

3 

6.49 

51    14.25 

2.8031 

20  42  49.3 

16.971 

347 

SDM. 

—20  3059 

8.1 

4 

6.26 

52  26.74 

2.8067 

20  38  17.4 

17.028 

348 

SDM. 

—20  3062 

9.0 

3 

6.26 

53     9.82 

2.8107 

20  26  49.6 

17.061 

349 

SDM. 

—  19  2883 

8.6 

2 

6.23 

53  56.64 

2.8233 

19  37  41.0 

17.096 

DM.  8M» 

350 

SDM. 

—  19  2884 

7.0 

2 

6.22 

53  57.08 

2.8208 

19  48  41.5 

17.097 

U.A.  6''.H 

351 

SDM. 

—  18  2827 

8.8 

2 

6.22 

55  57.29 

2.8336 

19     7  36.0 

17.188 

352 

SDM. 

—20  3074 

9.0 

2 

6.24 

56  20.75 

2.8167 

20  25     2.8 

17.205 

353 

SDM. 

—19  2895 

9.3 

2 

6.23 

56  48.44 

2.8337 

19  13     3.3 

17.226 

Doul.k-.   DM.  8\6 

354 

SDM. 

—  19  2897 

7.5 

3 

6.26 

57  14.51 

2.8257 

19  52  24.9 

17.246 

355 

SDJI. 

—20  3083 

8.9 

2 

6.26 

57  31.62 

2.8206 

20  16  52.1 

17.258 

356 

SDM. 

—  19  2899 

9.3 

2 

6.24 

57  33.48 

2.8354 

19  11  22.9 

17.260 

357 

SDM. 

—20  3088 

8.2 

3 

6.27 

57  51.31 

2.8199 

20  22  47.2 

17.273 

358 

SDM. 

—17  3046 

7.4 

2 

6  35 

58  35.44 

2.8589 

17  32  58.0 

17.306 

359 

SDM. 

—  17  3047 

6.5 

2 

6.35 

58  36.93 

2.8592 

17  32  59.6 

17.307 

360 

SDM. 

—  19  2902 

9.2 

2 

6.24 

58  37.07 

2.8356 

19  21     8.9 

17.307 

361 

SDM. 

—  18  2834 

8.6 

2 

6.26 

58  54.33 

2.8418 

18  53  23.5 

17.319 

362 

SDM. 

—  18  2835 

8.2 

2 

6.22 

59     1.87 

2.8424 

18  51  37.4 

17.325 

363 

SDM. 

—20  3094 

8.7 

2 

6.24 

9  59  58.42 

2.8184 

20  48     7.2 

17.366 

1 

364 

SDM. 

—  IS  28441 

8.7 

2 

6.22 

10     1   13.48 

2.8476 

18  45     6.8 

17.421 

>                                1 

.■•.65 

8.8 

2 

6.22 

1   13.88 

2.8476 

18  45   13.3 

17.421 

-  p.m. 

.■J06 

SDM. 

—  1(1  2969 

7.0 

2 

6.24 

1   26.54 

2.8717 

16  53  20.4 

17.4.30 

1 

367- 

SDM. 

—  19  2915 

9.0 

2 

6.26 

1   36.09 

2.8418 

19  14  55.9 

17.437 

368 

SDM. 

—  16  2973 

7.9 

2 

6.27 

1   38.32 

2.8714 

16  55  44.4 

17.439 

369 

SDM. 

—  16  2974 

[6.3] 

2 

6.27 

1   41.32 

2.8759 

16  35     3.6 

17.441 

U.A  6\0DM.5r3 

370 

SDM. 

—20  3104 

7.7 

3 

6.28 

1  44.99 

2.8232 

20  42     0.8 

17.443 

371 

SDM. 

—  19  2918 

8.2 

2 

6.26 

1   58.06 

2.8438 

19     9   12.2 

17.453 

DM.  7". 2 

372 

SDM. 

—  !8  284. S 

8.9 

2 

6.28 

2  42.78 

2.8471 

19     0  27.8 

17.485 

DM.  8».0 

373 

SDM. 

—  17  3068 

8.4 

2 

6.23 

2  54.46 

2.8618 

17  51   42.6 

17.493 

374 

SDM. 

—  19  2926 

8.2 

2 

6.27 

2  57.96 

2.8451 

19   11    15.6 

17.496 

p.m.  DM.  7". 2 

375 

SDM. 

—  14  3036 

7.2 

2 

6.26 

3     5.34 

2.8968 

15     3  16.6 

17.500 

DM.  rt'-.o 

376 

SDM. 

—  17  3070 

8.5 

2 

6.28 

3  12.51 

2.8612 

17  56  43.4 

17.506 

377 

SDM. 

—  14  3039 

8.2 

2 

6.27 

3  38.36 

2.8990 

14  55  48.0 

17..V25 

p.m.  DM.  7". 5 

378 

SDM. 

—  17  3071 

8.8 

2 

6.28 

3  43.90 

2.8661 

17  37  38.4 

17.528 

379 

SDM. 

—  17  3072 

7.8 

3 

6.27 

3  48.67 

2.8669 

17  34  46.1 

17.532 

p.m.  DM.  7". 2 

380 

SDM. 

—  12  3101 

2 

6.25 

4  32.52 

2.9322 

12   15     9.9 

17.563 

U.A.  5". 9 

381 

SDM. 

—  18  2853 

8.6 

2 

6.27 

4  32.34 

2.8589 

18  18  16.2 

17.563 

[3-.4  , 

382 

J.  Hv.l 

i:ic 

2 

6.27 

5     1 .84 

2.9382 

11   47  27.9 

17.583 

p.m.Aiiwcrs.  I  .A.  , 

383 

SDM. 

-17  3078 

7.8 

3 

6.49 

5     7.85 

2.8631 

18     2  35.0 

17.588 

384 

SDM. 

—  14  3046 

7.8 

2 

6.27 

5  21.68 

2.8988 

15     8  56.4 

17.597 

DM.  7-.2 

385 

SDM. 

—  l(i  2987 

8.1 

2 

6.27 

5  28.44 

2.8843 

16  22   11.9 

17.602 

DM.  7''.5 

386 

SDM. 

—  17  3082 

9.0 

2 

6.28 

5  44.83 

2.8717 

17  25  51.8 

17.613 

387 

SDM. 

—  16  29.S9 

[8.0] 

3 

6.29 

5  49.64 

2.8762 

17     4  28.4 

17.617 

DM.  7". 7 

388 

S]>:\I. 

—  18  2861 

7.5 

2 

6.26 

5  52.60 

2.8601 

18  23  37.3 

17.619 

p.m. 

389 

SDM. 

—1 7  3083 

8.5 

3 

6.30 

5  53.71 

2.8684 

17  43  34.0 

17.620 

DM.  9\0                 1 

390 

SDM. 

—13  3055 

8.5 

2 

6.23 

6     2.08 

2.9168 

13  42  46.4 

17.625 

DM.  8».0 

391 

SDM. 

—16  2993 

8.8 

2 

6.24 

6  54.36 

2.8839 

16  34   19.5 

17.662 

392 

SDM. 

—14  3059 

8.2 

2 

6.22 

7  47.81 

2.9023 

15     7  52.2 

17.698 

393 

SDM. 

—15  3015 

[9.6] 

2 

6.22 

10  10     4.37 

+  2.8962 

--15  56  22.9 

—  17.791 

DM.  9».7 
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No. 

Magii. 

No. 
Obs. 

Kp.Kl, 
1880+ 

a  1886.0 

Prec. 

d  188G.0 

I'lCC. 

394 

SDM.  —  lo'SOlS 

7.3? 

2 

6.27 

10'l0"'45!71 

+  2'.9014 

0           (           ff 

'  —15  34  28.6 

— 17'.819 

395 

SDM.  — K)  300K 

8.4 

3 

6.27 

10  55.69 

2.894-1 

16   12  29.5 

17.826 

396 

SDM.  —15  3020 

9.0 

2 

7.23 

11      7.73 

2.9051 

15  18     2.9 

17.834 

397 

SDM.  —14  3076 

9.1 

3 

6.28 

11   26.37 

2.9076 

15     7  32.3 

17.846 

[5-.(; 

398 

£  Sextantis 

2 

6.26 

11   57.91 

2.9926 

7  30     0.1 

17.867 

p.m. 

Aiiwi'is.  V .A. 

399 

SDM.  —14  3086 

[8.8] 

2 

6.22 

13  34.78 

2.9148 

14  45   18.4 

17.931 

DM. 

s".2 

400 

SDM.  —  5  3043 

8.2 

2 

6.24 

14  55.57 

3.0143 

5  37  12.1 

17.983 

401 

SDM.  —13  3094 

8.9 

5 

6.65 

14  58.27 

2.9260 

13  54     7.4 

17.985 

402 

SDM.  —15  3030 

8.5 

2 

6.25 

15     5.05 

2.9055 

15  46  37.8 

17.989 

403 

SDM.  —14  3093 

7.8 

4 

6.28 

15   19.23 

2.9153 

14  54  59.0 

17.998 

p.m. 

DM.  7ro 

404 

• 

10.0 

1 

6.30 

15  33.69 

2.9227 

14    16  41.5 

18.008 

405 

SDM.  —13  3097 

[7.5] 

2 

6.26 

15  40.30 

2.934  2 

13   12  47.4 

18.012 

r.A 

6".  7 

406 

SDM.  —14  3096 

9.4 

2 

6.28 

15  49.10 

2.9230 

14    17     4.3 

18.018 

407 

SDM.  —14  3097 

8.4 

2 

6.26 

16   10.14 

2.9197 

14  37  35.7 

18.031 

408 

SDM.  —13  3101 

9.8 

2 

6.29 

16  25.64 

2.9280 

13  53  34.3 

18.041 

409 

SDM.  -12  3147 

7.8 

2 

6.28 

16  35.76 

2.9396 

12  50     5.6 

18.04  7 

p.iii. 

r  DM.  7\0 

410 

SDM.  —12  3148 

8.6 

•2 

6.26 

16  42.89 

2.9368 

13     6     2.4 

18.052 

411 

SDM.  —12  3150 

7.0 

2 

6.22 

17  43.20 

2.9414 

12  48     0.0 

18.090 

412 

SDM.  —12  3152 

8.8 

2 

6.24 

17  50.51 

2.9392 

13     1     7.6 

18.095 

413 

SDM.  —13  .J  105 

9.3 

2 

7.23 

18  14.38 

2.9349 

13  27  44.2 

18.110 

414 

SDM.  —12  3154 

8.7 

2 

6.26 

18  23.38 

2.9428 

12  44  3.S.2 

IS.  11,-, 

415 

SDM.  —12  3155 

8.8 

2 

6.27 

18  27.44 

2.9391 

13     5  27.1 

IS.  lis 

416 

SDM.  —  9  3067 

8.5 

2 

6.27 

19  16.62 

2.9801 

9   12  52. G 

IS.  Mil 

417 

SDM.  —14  3116 

8.7 

2 

6.26 

19  49.12 

2.9266 

14  27     D.i; 

is.ii;;) 

p.m. 

? 

418 

SDM.  —12  3161 

8.0 

3 

6.29 

19  51.60 

2.9504 

12    11      .■!.7 

18.170 

419 

SDM.  —  6  3141 

6.5 

2 

6.30 

20     2.38 

3.0084 

6   29      7.2 

IS.  177 

p.m. 

Aiiweis. 

420 

SDM.  —12  3162 

8.3 

3 

6.28 

20   16.35 

2.9468 

12  33   18.0 

IS.  IS.-, 

DM. 

7^.3      [4«.0 

421 

,'i  Ilvdiae 

1 

6.22 

20  34.61 

2.9084 

16   15   16.8 

18.197 

p.m. 

\nwois.  U.A. 

422 

SDM.  —11  2880 

8.8 

2 

6.28 

20  46.24 

2.9585 

11   29  50.8 

18.204 

423 

SDM.  —13  3119 

9.2 

3 

6.27 

21    17.58 

2.9379 

13  32  51.3 

18.223 

424 

SDM.  —11  2884 

[9.6] 

2 

6.22 

23  24.52 

2.9548 

12     8  20.6 

18.299 

DM. 

DM 

425 

SDM.  —11  2886 

8.4 

2 

6.24 

23  30.46 

2.9578 

11   51      8.8 

18.303 

DM. 

7  ".8 

426 

^  Sextantis 

2 

6.27 

24  27.88 

3.0717 

0     3   10.6 

18.337 

U.A 

5  ".2 

427 

SDM.  —1 1  2889 

8.6 

2 

6.22 

24  41.56 

2.9620 

11   32  57.0 

18.345 

428 

SDM.  —  6  3171 

9.3 

1 

6.26 

25  13.18 

3.0061 

7     2  27.4 

18.364 

429 

SDM.  —  6  3173 

6.2 

2 

6.25 

25  16.38 

3.0059 

7     3  11.8 

18.365 

430 

SDM.  —12  3181 

[7.5] 

2 

6.26 

25  23.85 

2.9486 

13     0   15.4 

18.370 

U.V 

431 

SDM.  —11  2893 

8.8 

2 

6.24 

25  27.05 

:J.9666 

11    10  32.6 

18.372 

DM. 

8".0 

432 

SDM.  —10  3076 

8.0 

2 

6.22 

26  22.24 

2.9708 

10  50  13  8 

18.404 

DM. 

7".0 

433 

SDM.  —10  3078 

9.3 

2 

6.24 

26  27  31 

2.9678 

1 1      8  55.9 

18.407 

434 

SDM.  —10  3083 

9.0 

2 

6.22 

27  45.02 

2.9781 

10   12  .■!!.:! 

18.451 

435 

SDM.  —10  3085 

8.3 

3 

6.24 

28  31.71 

2.9743 

10  41      .-..I) 

18.478 

436 

SDM.  —  9  3101 

7.5 

2 

6.22 

28  37.92 

2.9873 

I)    18  41.2 

18.481 

437 

SDM.  —10  3086 

8.7 

2 

6.25 

28  46.97 

2.9748 

10  40  29.6 

18.487 

1 

438 

SDM.  —10  3089 

8.6 

2 

6.24 

28  57.27 

2.9764 

10  31   56.5 

18.493 

p.m. 

439 

SDM.  —11  21)16 

8.4 

2 

6.25 

30  22.33 

2.9705 

11   18  56.2 

18.540 

DM. 

7". 8 

440 

SDM.  —  9  3108 

7.2 

5 

6.26 

30  37.14 

2.9829 

9  59  33.0 

18.548 

[U.A.  6".2 

441 

SDM.  —11  2918 

2 

6.24 

30  51.82 

2.9682 

11   37     8.9 

18.557 

p.m. 

Argelaiulei' 

442 

SDM.  —10  3094 

2 

6.22 

31   32.99 

2.9731 

11      !)   24.8 

18.579 

U.A 

6  ^'.8 

443 

SDM.  —  8  2966 

9.0 

2 

6.23 

31   46.91 

2.9934 

8  :,r,  ;;o.7 

I8.aS7 

444 

SDM.  —  9  3113 

9.0 

2 

6.22 

33  14.30 

2.9893 

:i  ;i:i  22.4 

18.634 

DM. 

>^^'.r> 

445 

SDM.  —  7  3083 

7.5 

3 

6.25 

33  47.41 

3.0103 

7   -JJ    14.1 

IS.  65  2 

446 

SDM.  —  9  3115 

8.8 

2 

6.24 

33  53.78 

2.9901) 

:•  •_'(;    0.2 

18.655 

447 

SDM.  -  8  2975 

8.8 

2 

6.24 

34     7.24 

2.9940 

1)     C,   32..S 

18.663 

448 

SDM.  —  8  2976 

8.0 

2 

6.22 

34  33.30 

3.0001 

s  27     0.8 

18.677 

449 

SDM.  —  5  3124 

8.0 

■   2 

6.25 

36     9.13 

3.0224 

5  58  44.8 

18.727 

450 

SDM.  —  7  3094 

7^8 

2 

6.22 

36     9.19 

3.0099 

7  27  36.3 

18.727 

1 

451 

SDM.  —  7  3097 

7.9 

2 

6.23 

36  44.73 

3.0046 

8     7  53.2 

18.745 

DM. 

6". 9 

452 

SDM.  —  8  2997 

9.0 

3 

6.23 

40  28.52 

2.9995 

9     6  54.9 

18.859 

DM. 

8". 2 

153 

SDM.  —  9  3147 

2 

6.22 

44     1.25 

3.0016 

9   14  57.8 

18.962 

U.A 

6«.4 

454 

SDM.  —  6  3237 

8.3 

2 

6.25 

44  15.42 

3.0201 

6  52  42.0 

18.969 

455 

SDM.  —  8  3018 

4 

6.25 

10  44  34.97 

+  3.0095 

—  8  17  39.5 

—18.978 

U.A 

6''.0 

X"  -Ji'i 
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406 

1         "          Ohs. 

18S0+ 

:  '  -■                  r,   ■  . 

SDM. 

—  6°8252 

7.7 

2 

6.24 

10  47""  o'.se 

+3.0269 

—  6  12  40.0 

—19.048 

p.m. 

■i:u 

DM. 

+   4  2486 

3 

6.28 

11   25  53.42 

3.0870 

+   4   11    13.0 

19.832 

-l."..S 

1 

6.25 

26     8.35 

3.0869 

4   12  48.9 

19.835 

4.".;) 

DM. 

+   4  2497 

3 

6.29 

28  36.87 

3.0859 

4   12  45.5 

19.866 

-ji;o 

4 

6.29 

28  39.86 

3.0859 

4   13  40.6 

19.866 

■161 

DM. 

+    4  2491) 

2 

6.26 

29  56.14 

3.0853 

4   11  51.8 

19.881 

462 

3 

6.29 

30  15.20 

3.0838 

3  45     7.7 

19.885 

463 

DM. 

+   4  2502 

2 

G.26 

30  31.21 

3.08.50 

4  11   17.4 

19.888 

464 

DM. 

+   3  2540 

4 

6.27 

36  36.33 

3.0806 

3  25  23.9 

19.949 

465 

DM. 

+   3  2541 

4 

6.27 

11  36  55.59 

+  3.0806 

+  3  27  31.9 

—19.952 

MAXIMA  AND   MmrMA   OF   VARIABLE   STAES,   OBSEKYED   IX    1890, 

By  P.ALL  S.  YEXDKr.L. 


IF  Virginia. 

From  M:\icli  17  to  .July  18.  tliiity-tive  obseivatioiis  of  this 
vaiiiihU'  were  obtained,  from  wiiicli  were  deduced  si.K  max- 
ima and  three  minima. 

Tlie  observations  were  miieli  interrupted  by  bad  weather, 
and  tlie  maxima,  with  the  exception  of  the  one  occtu'ring  on 
April  23,  were  all  obtained  by  the  use  of  the  mean  light- 
curve  ;  tlie  exception,  as  well  as  all  the  times  of  minima, 
was  deduced  from  the  single  curve. 

The  statement  made  on  page  8.")  of  Vol.  IX  of  this.Iournal, 
that  the  star  disappears  at  minimum  in  a  telescope  of  4-i-inch 
aperture,  appears  to  have  been  an  error,  as  it  has  been  fol- 
lowed this  year  through  three  minima,  with  the  same  instru- 
ment, its  light  at  no  time  falling  below  10". 0. 

'I'lu'  observed  times  are  as  follows  : 


.Maxim  v 

\v 

1890  March 

19..S 

2 

April 

8.1 

3 

2:!.  5 

4 

.Inne 

i;!.fi 

3 

.lulv 

1.1) 

•> 

Minima 

1890  April  lo.S 

May 

.lulv 


19.4 


Ihiivhi-slPi- 


19.1  2 

,!/<(.«.,  1890  Sept.  20. 


11  Ursae  Majoris. 
Nine  observations  show  a  maximum  of  this  star  to  have 
taken  place  on  .Tune  14.5;  the  greatest  observed  light  was 
estimated  to  be  7". 3. 

/S  Ursue  Majoris. 
This  star  was  observed  ou  thirteen  occasions  between 
April  7  and  June  15  :  a  niaximnm  of  about  7". 8  took  place 
on  April  30,  followed  on  May  18  by  a  secondary  maximum 
of  nearly  the  same  brightness,  after  which  the  star's  light 
rapidly  fell  away,  being  estimated  at  the  last  observation  to 
be  about  9 ".6. 

T  Ursae  .llajoriK. 
Of  this  star  only  ten  observations  were   obtained,  from 
which  a  maximum  of  7". 5  is  inferred  to  have  taken  [dace  on 
June  1 . 

A'  C>//./. 
A'  Ctjijni  was  observed   twenty-live  linns,  lioui   May  17  tu 
Aug.  2  ;  its  maximum  on  .June  17.4  was  sharply  marked,  its 
light  being  equal  to  that  of  /,  CV/k*,  or  4*". 2,  and  conspicuous 
to  the  naked  eye. 


OX   THE   GREAT   ECLIPSE   AT    KOML    B.C.  IS7   .ILLY    1 

By  JOHN  N.  STOCKWKI.l.. 

The  historian  Livy  has  given  in  book  XXXVII,  chap.  4,  |    have  been  omitted  by  tl 
of  his  history,  an  account  of  an  eclipse  of  the  sun  at  Komc 
of  which  the  following  is  a  translation  : 

".\t  the  lime  in  which  the  consul  set  out  to  the  war  during 
the  celebration  of  the  Apollinarian  games,  on  the  liftli  day 
before  the  ides  of  .Inly,  though  the  sky  was  serene,  the  light 
was  obscured  in  the  middle  of  the  day,  when  the  moon  [lassed 
beneath  the  orb  of  the  sun.'" 

Such  is  the  rather  indefinite  account  of  the  event ;  but  I 
have  endeavored  to  supply,  by  calculation,  the  details  which 

Clerehiiii},  l.SiKl  Sfifit.  23. 


listorian.  liy  employing  the  cor- 
rections to  the  lunar  tables  of  Hansks  which  are  given  in 
nos.  220-1,  of  this  .lournal,  I  lind  that  the  time  of  greatest 
eclipse  at  Home  was  7''  14'"  mean  local  time,  on  the  morning 
of  .Inly  17  ;  at  which  time  the  magnitude  of  the  eclipse  was 
10.11  digits  on  the  sun's  northern  limb. 

In  this  connection  1  may  also  mention  that  II.ksskn's  tables 
would  give  a  somewhat  larger  eclipse  at  Home,  at  G*"  O"'  in 
the  morniiii;. 
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rilE   YAUIAULE   STAKS    TAND  U MOXOfE l!(rris.   iss!)-9(t. 

liY  KDWIN  V.  S.WVYICU. 

U  MuiioceroHft. 


T  Monocerotis. 

This  stiir  was  iiiulei  observation  from  1889  November  14, 
to  1890  April  20;  a  very  good  series  of  observations,  60  in 
number,  being  obtained.  From  these  the  following  epoclis 
of  ma.Kinia  and  minima  liave  lieen  deduced  in  Cambridge 
M.T.,  using  the  nie;iii  ligiit-ciiivf  formed  from  the  1881-83 
f)bsi'rvatious. 

( )iisi-,i;\  i;ii  .Maxima 

1889  Nov.  28'  19'26  ' 
Dec.  26  20  14 

1890  Jan.  21  10  9 
Kel).  16  0  43 
iMar.  16  9  59 
Apr.    10   17  22 

Bri'jhton,  Masx..  18;)()  Septc mher  6. 


()ltSKI!\  Kl 

>    MlM.MA 

1889  Nov 

20   15  58 

Dee. 

18   11   49 

1890  .Inn. 

1111      8 

l'\-l,. 

9    18   54 

Mar. 

9      7  58 

Apr. 

2  21   47 

The  o))servations  on  tliis  star  number  48,  and  e.\tenil  from 
1889  Novemlier  29,  to  1890  April  20.  From  tliese  obsj-rva- 
tions  the  following  liincs  of  maxima  ami  minima  liave  been 
determined  : 

IMaxiinnm  =   1889  Dec.  28.0  Light  =  23. K 

1890  Fell.  10.5  25.0 

Apr.    9.0  17.:! 

Minimum  =   1890  Jan.  23.0  11.2 

I\Iar.  12.5  1.9 

The  interval  Ix'lwccii  the  lirsl  and  second  ma.ximum 
^  44.5  days;  and  between  the  second  and  third  ma.vi- 
mnm  =  57.5  days.  The  interval  lietween  the  two  minima 
was  48.5  days.  While  the  lii.st  was  a  liright  minimum,  llic 
second  was  a  verv  fainl  one. 


FILAR-MICROMETER   OBSERyATIO:N^8   OF   COMET  c  18JK)  iOExsixG), 

MADK    WITH    TllK    Ki-IXCU    KQUATOlilAI.   Or   TIIK    DUDI.KV   OlSSICIi VA Mil: V. 

15v  I-KWIS  BOSS. 


1890  Albany  M.T. 

* 

No. 
Comp. 

'da 

-* 

(^'s  apparent 
a                       S 

log  PA 
for  n          for  il 

Sept.    l"    8"4i"    6 

4     9   18  27 

4     9  46  26 

18     7  54  33 

1 
2 
3 
4 

13  ,    5 
15  ,     5 
12  ,    4 
38  ,  11 

f  e"   0^.72 
—2  43.85 
—2  12.02 
—0  22.50 

+  5  23.5 
—2  23.9 
+  3  17.6 
—  1      0.0 

15  37  56.63 
15  40  34.95 
15  40  36.57 
15  53     7.29 

+  24   18     9.2 
+  19  43  20.9 
+  19  41   33.7 
+   0  53  41.0 

9.601 
9.633 
9.650 
9.567 

0.600 
0.683 
0.705 
0.772 

Mean  Places  for  1890.0 

of  Comparison- St <t IS. 

* 

a 

Reel,  to 
app.  place 

8 

Red.  to 
app.  place 

Authority 

1 
2 
3 
4 

15  31   55.33 
15  43  18.18 
15  42  47.97 
f5  53  29.21 

+  0.V)8 
+  0.62 
+  0.62 
+  0.58 

+  24   12  37.2 
+  19  45  37.1 
+  19  38     8.5 
+   0  54  38.6 

+  8.5 
+  7.7 
+  7.6 
+  2.4 

Eq.  comp.  with  Bonn  VI  +24°2891 
Bonn  VI  +19°3020 

Hist.  Ccl.  (Lai.  ;srS91,Bosscl  (Wcissc  1020-1)  and 
Eq.  C(im|i. 

Albany  A.G.Z.  5328 

Sept.  1.  Observation  very  ditlicult.  The  (•(iniparisou-star  is 
l.alande  28479-80  and  Weisse-Be.ssel  0.97.  Compared  with  Bonn 
VI,  +2-l°2S91  was  found:  J«  =  +4;5'.25:  JcN  =  — 33".3.  For 
1S90  we  have : 


H.C.  1794. 
H.C.  1794, 
Weisse 
Eq.  Comp. 


.•Ipril  2.) 
.Tune  14 


+24   12  47 


+24   12 


2  threads 
lS2i;.4 


In  the  uiK-ertaiuty.  the  position  obtained  through  e(|uatorial  com- 


parison may,  for  the  present,  be  regarded  as  safest.  The  separate 
threads  in  the  Lixlaude  observation  of  June  14  agree  well. 

Sept.  4.  Lai.  2.S789— 28771  was  found  to  be:  J«  =  +4S".2G; 
jS  =  +26  ".7.  The  position  of  5|c  3  derived  in  this  manner  was 
allowed  to  have  weight  in  forming  the  adopted  position.  Tlie 
observations  of  this  night,  as  well  as  those  of  Sept.  IS,  are  appar- 
ently entitled  to  fully  twice  the  weight  which  may  be  assigned  to 
the  positions  of  this  comet  obtained  by  me  on  other  occasions. 

The  above  observations,  together  with  the  two  reported  in  Astro- 
nomical Journal,  no.  224,  are  all  the  observations  of  the  comet  of 
T)EXNisG  which  I  have  found  occasion  to  make. 
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III  K     A  ST  IfO  N  ()  .M  I  (■  A 


or  UN"  A  L, 


LETTER    FK(JM    PKOF.  UL 

Perhaps  this  wiiliiig  is  wholly  siiperHiioiis,  iu  which  ease 
I  heg  paidou  of  my  American  fellow-astrouomers  ;  but  I 
know  bv  experience  how  easily  routine  work  may  lead  one  to 
forget  an  annonnced  phenomenon  on  the  day  of  its  occur- 
rence. 

Looking  over  the  list  of  oecultalions  of  stars  by  planets, 
and  of  their  near  approaches,  published  by  Bkrbekich  in 
no.  2937  of  the  Astronomische  Nachrichten,  I  was  struck  b,' 
the  favorable  chances  of  observing  an  occnltation  in  the 
coming  month  of  November. 

For  the  American  observatories,  at  least  for  the  majority 
of  them,  the  occnltation  of  SD.  — 22°o332  ("J". 4)  by  Mars. 
Oil  the  2d  of  November,  will  be  of  special  interest. 

The  true  conjunction  is  at  11'' 37'". 6  Mean  Time  at  Ber- 
lin =  10"  44'".0  M.T.  Greenwich  =  o''  3.5'". 8  "Washington 
M.T.  The  difference  of  Decl.  (Planet— Star)  will  be 
=  +4"  geoceutrically  ;  the  semi-diameter  will  be  =  4". 6, 
the  horizontal  parallax  of  the  planet  =  7". 3  (the  two  last 
named  quantities  are  from  the  VA\g\m\\  Nautical  Almanac)^ 
and,  according  to  Mr.  BiciiBKiticn's  calculation,  the  maximum 
duration  of  the  occnltation  will  be  4'". 3. 

The  following  table  exhibits  the  circumstances  for  the 
American  Observatories    named   in   the   list  of   the   British 

Utrecht,  181)0  Sepleinhpr  23. 


DEMA^b   TO   THE   EDITOR. 


Xaulical  ^Umunac.  ■ 
hand. 

(»l)serviUi)ry 

Cambridge.  Mass.. 

Quebec. 

McGill  Obs'y,  Montreal. 

Princeton. 

Albany, 

"Washington,  Naval  Obser. 

Georgetown  College, 

Ann  Arbor, 

Cincinnati, 

Chicago, 

[Washburn  Obs'y,  Wis., 
[Glasgow, 

Cordoba, 

Rio  .laueiro, 
[Santiago  de  Chile, 

Buenos  Aires, 


■the  American  Ejihemeris  not  being  at 


i  M.T.     Time  after  Sunset     .\lt. 


5  .59..'. 

+  1   7.6 

24 

5  59.2 

-1-1  17.0 

20 

i,   49.7 

+  1  4.4 

21 

.5  46.4 

-f-0  30.0 

27 

5  49.0 

+  0  57.7 

24 

.5  35.8 

-f-0  37.3 

28 

.5  .35.7 

+  0  37.3 

2R 

5  9.1 

+  0  17.0 

25 

5  6.3 

+  0  8.2 

28 

4  .53.6 

-f-0  0.6 

25 

4  46.4. 

—0  4.1 

24] 

4  32.7 

— 0  25.2 

28] 

6  27.2 

-f-0  1.2 

71 

7  51.3 

-1-1  37.0 

53 

6  1.3 

—0  27.S 

74] 

6  50.5 

-t-0  19.6 

65 

for  tlie  observatories, 


The  lines  in   stjuare  brackets 
where  the  conjunction  happens  before  sunset. 

If  the  weather  is  a  little  favorable,  the  observations  of 
this  occnltation  will  be  highly  interesting. 

.1.    A.    C.    OlI.F.M.XNS. 


COMET  d  1890. 

This,  which  is  evidently  a  return  of  the  periodic  comet  of  d'AuitKiST,  was  discovered  by  Bahnako.  at  the  Lick  Observa- 
tory, on  the  night  of  October  C.     He  telegraphed  the  position  :  — 
Oct.  (;.  (irecnw.  .M.T.  a  =  19''  13'"  31%         ^'  =  — 26°  7'  30".  Daily  motion.  -1-3'"  28'  iu  «.  and  0°  26'  southward. 

This  place  agreed,  within  less  than  40"',  and  U',  with  Levkai's  ephenieris.  and  the  direction  of  motion  was  essentially 
the  same.     He  reports  the  comet  as  (piite  faint. 


EPllEMEKIS   OF   THE 

By  Rev.  G. 

The  observation  by  Barxaim)  of  D'Aukest's  comet  indi- 
cating a  correction  of  AX  =  — 9'  14",  JfJ  =  — 1'  6",  to 
Lkvkaii's  elements  for  epoch  Feb.  25.0,  it  seemed  at  first 
]irobal)le  that  a  change  in  the  mean  anomaly  only  would  be 
needed  to  represent  the  observation  suHiciently  well. 

lint  it  was  found  that  a  change  in  some  otiier  element 
would  al.so  be  required,  and  Q,  was  selected  .as  the  one  most 
likely  to  vary,  and  most  ellicient  in  its  effect  on  the  latitude. 
The  observation  gave 


,}M  =  —1'  24"   ,     ilSl 


-11'  41" 


for  a  provisional  coriection  of  the  elements. 

From  these  we  have  the  ephenieris,   for  (Jreenwich  mid- 
night, mean  equinox  1890.0, 


COMET  OF 

i)Aj;i;i- 

].'*^' 

i\ 

M.  SK.\RLK. 

Date 

a 

0''' 

log  A 

Oct.  19 

20  5"  33* 

—27°  53. 1 

9.9692 

2."i 

21  51 

28  3.8 

.9824 

27 

37  59 

28  4.5 

9.9961 

31 

20  53  51 

27  55.8 

0.0102 

N.)v.  4 

21   :>  22 

27  38.4 

.024  7 

,s 

24  .U 

27  13.(1 

.0396 

12 

.  ;!9  15 

26  40.3 

.0547 

16 

21  53  32 

—26   1 .4 

0.0701 

I'omputed  simply  from  the  coorilinate  formulas  for  1890.0 

.t  =   [9.994984]  r  siu(i»+    50°   14'  44") 

>/  =  [9.993089]  )sin(r-f-321     49    15  ) 

'z  =   [9.366842]  rsin(f  + 280     32    .11   ) 

This   epliemeris  differs  by  alwul  —  0'".6    aiul  —  iV  from 

that  of  Lkvkai'.     Hither  will  probably  do  very  well  to  find 

the  comet  for  a  considerable  time. 
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FILAK-MICKOMETEK   0B8EK\  A'llOXS   OF   COMET  r/ 1  Si  id    n.wyAUD.  <Mt.  o), 

MM>i:  Willi  nil;  I'-'-imii  i:;jrAr<)UiAi,  oi    iiir.  i.icK  i>itsi;i!\  a  loiiv, 
liY  K.  E.  BAKNAHI). 


1890  Mt.  Iliimilloii  M.T. 

* 

No. 
Comp. 

* 

z/8 

^'s  appnrtMil 
a           !            8 

log  |>A 

fur  u      1       for  il 

Oct.  6     9  23  40 

7  7  34  49 

8  6  55  58 

1 
2 
3 

5,  6 
16  ,  6 
12  ,  4 

+  0  17.37* 
+  2  15.63 
+  1   14.20 

—2     7.0 
+3  22.9 
+  2     1.0 

19  13"'30.'88      —26^  7  30."5 
19  17  15.03      —26  18  51.7 
19  21   11.48  1    —26  30     7.6 

9.590 

9.322 
9.017 

0.837 
0.886 
0.895 

Mean  Places  for  1800.0 

f>/"  Coiitpurisoa-Sldrs. 

* 

a 

IJed.  to 
app.  place 

8 

Ued.  to 
app.  place 

Alitliorily 

1 
2 
3 

19   13   11.85 
19   14  57.74 
19  19  55.61 

+  l"66 
+  1.66 
+  1.67 

—26     5  22.7 
—26  22  13.6 
—26  32     7.7 

—0.8 
—1.0 
—0.9 

Gould  G.C.  26458 
do.          26496 
do.          26615 

Tills  comet  was  discovered  Oct.  (>''  8''  30"'  Mt.  Ilainiltuu  M.T.,  in  the  middle,  with  no  nucleus  or  tail.     It  is  larjie,  24'  or  3'  in 

with  the  12-inch  equatorial,  just  after  observing  Dknning's  comet  |  diameter,  and  resemljles  a  periodic  comet  in  its  light, 

for  position.    It  was  faint,  round,  very  jjradually  somewhat  brigliter  ,  *  Oct.  G,  the  J(t  was  measured  with  the  micrometer  =  +22H"..'. 

Ml.  Hamilton,  1890  Oct.  8. 


TWO   HUNDRED   NINETY-NINTH  ASTEROID. 

A  phuiet  of  tlie  loth  uiagiiitiKlc  w:is  disco\ered  liy  Palisa,  at  Vienna,  Oct.  C.  in  llie  iio^ition 
1890  Oct.  6''.4883  0reenw.  M.T.      k  =  2''  IC"  20\8,     8  =   +15°   18'  25".     Dailv  iiiolion,  —iO-  in  u.  and  2' .southward. 


NEW  ASTRONOMICAL    WORK. 


Astmnoviical  Papers,  prepared /or  the  iisc  of  the  American  Ephem- 
cris  and  NatiCical  Almanac.  Vol.  II,  part  V.  —  Discussion  of 
Observations  of  the  Transits  of  Venus,  17C1  and  ITfiO,  6;/  Simon 
Newcomb. 

The  largely  superior  values  for  the  solar  parallax,  deduced  in 
more  recent  years,  have  much  impaired  the  confidence  previously 
placed  in  the  determinations  from  the  transits  of  T'eH»,s-  in  the  last 
century.  Not  merely  has  this  mode  of  determination  been  found 
less  accurate  than  sundry  other  methods;  but  the  trustworthiness 
of  many  of  the  observations  themselves  has  been  seriously  dis- 
credited. 

The  investigations  of  Powalkv,  twenty  years  ago,  showed  never- 
theless, that  a  repetition  of  Enckk'.s  computations,  after  correcting 
some  of  the  fundamental  data,  would  give  results  far  more  accord- 
ant with  the  later  values,  obtained  in  other  ways.  Prof.  Newcomb 
has  now  undertaken  the  whole  problem  anew,  —  applying  a  search- 


ing criticism  to  all  the  observations  of  both  transits,  and  using  im- 
proved values  for  the  longitudes  of  the  places  of  observation.  Hi- 
personal  examination  of  Father  Hki.i.'s  manuscript  record  of  the 
observations  made  in  17(J9  at  Wardoc  had  already  resulted  in  vindi- 
cating the  published  results,  against  the  rude  impeachments  which 
had  been  brought  against  them :  and  these  especially  important 
data  have  consequently  been  used  with  a  large  weight. 

The  final  values,  deduced  from  the  two  transits,  are  S".TJ  ±  0".i),'> 
for  the  parallax,  and  +32". 4  for  the  correction  to  LeVerkikr's 
longitude  of  the  node  of  Venus,  for  the  mean  date.  The  difl'erence 
between  this  result  and  that  of  Encke  f8".58)  arises,  chiefly,  i'»from 
the  introduction  of  a  correction  for  imperfection  of  telescopes 
and  other  obstacles  to  distinct  vision  of  the  thread  of  light,  and 
t-'from  the  inclusion  of  numerous  observations  omitted  by  Exckk. 
The  increase  in  the  apparent  probable  error  of  the  result  is  due  to 
this  mode  of  treatment,  which  of  course  makes  the  observations 
seem  more  discordant. 


CONTENTS. 
Positions  of  4G5  Comparison- Staus  Determined  at  Albany,  by  Prof.  Lewis  Boss. 
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OBSERVATION'S  OF  THE   SATELLITES  OF  MABS, 


15 Y  .JAMES  K.  KKELER,  AsTUONOMEU 
Dining  tlic  past  oiiposition  of  Mars  I  made  a  few  ini- 
cronieter  nieasures  of  the  satellites  with  the  thirty-six  inch 
oqiiatoiial,  at  the  request  of  Professor  IIoi.den.  Notwith- 
standing the  very  unfavorable  position  of  Mitrs,  the  satellites 
were  easily  visible  on  nearly  every  evening,*  but  as  the  ob- 
servations interfered  with  other  uses  of  the  telescope,  only  a 
sufficient  number  of  measurements  were  made  to  give  an 
aiiproxiniatc  correction  to  the  eiihemerides.  Other  measures 
of  the  satellites  have  doubtless  been  made  elsewhere. 

The  brightness  of  the  i)lauet  was  reduced  by  a  thin  slip 
of  lightly  smoked  glass,  nearly  in  contact  with  the  microme- 
ter-threads, to  which  its  sides  were  made  parallel,  in  order  not 
to  embarrass  the  judgement  by  the  presence  of  oblique  lines. 
The  systematic  errors,  arising  from  the  bisection  by  estimate 
nf  so  large  a  disc  as  that  of  Mars^  are  partially  eliminated  by 
the  observation  of  a  satellite  on  both  sides  of  the  planet.  A 
power  of  520  was  always  used. 

The  position-angles  and  distances  are  coirected  for  phase 
of  Mars,  and  therefore  refer  to  the  center  of  the  planet. 


June  4.    1890. 

Night  calm  ;    seeing  o  on  scale   of  5.     Clouds  came  up 
shortly  after  13''  and  intcrfei'ed  with  observations. 


OnSEHVATION 

s  or  Deimos. 

Pacific  Thne 

P 

Paciflc  Time 

s 

12  58  40 

13  2  50 
13     4     0 

307?6 
307.9 
307.9 

13     7  50 
13  10  10 
13  11  50 

67.2 
67.1 
66.8 

June  5,   1890. 


Considerable  wind,  causing  the  telescoi)e  to  vibrate  slightly. 
Seeing  3.     Deimos  was  not  seen. 


*  They  were  sometimes  soon 
wore  iniaware  of  thoir  exisloiioi; 
liar  was  used. 


)M  pnhlic  iiiiflits  by  visitors  who 
On  s\icli  occasions  no  occuUhii; 


OF  THE  Lick  Obsekvatory. 

Obseuvations  of  Phohos. 


Paciflc  Time 

,    P 

Paciflc  Time 

a 

h       m       ■ 

o 

h        III         I 

It 

11   54  30 

298.2 

12     7  20 

21.2 

11   56     0 

2S7.8 

12    10     0 

21.7 

11   58  10 

298.8 

12    11    :>0 

22.4 

12     0  10 

298.2 

12   13   20 

22.4 

12     3  30 

299.2 

12   15  50 

22.9 

Observations  of  Phobos.  —  Continued. 


Paciflc  Time 

s 

12  21  40 

23.9 

12  24  20 

24.6 

12  25  30 

24.8 

12  26  40 

24.6 

12  27  40 

25.2 

June  6,   1890. 
ight  calm  ;  seeing  3. 

Observations  of  Deimos. 


Paciflc  Time 

P 

Paciflc  Time 

s 

h       III       • 

o 

h       m       • 

n 

9  19  30 

125.5 

9  36  40 

65.9 

9  24  50 

126.4 

9  38  40 

65.3 

9  27  50 

126.2 

9  410 

65.2 

9  29   10 

126.5 

9  42  20 

65.4 

9  30  30 

126.0 

9  46  10 

66.0 

(I 

Jeverseil  tli 

i  Telescope.) 

10  49  40 

129.3 

11     8  10 

65.9 

10  52  50 

129.9 

11     9  30 

66.1 

10  54  50 

130.0 

11    10  40 

66.2 

10  58  30 

180.2 

11    12   10 

65.6 

11     2     0 

130.2 

U    14   10 

65.9 

Observations  of  Phobos. 


Paciflc  Thne 

s 

Paciflc  Time 

/■ 

ii     III      I 

w 

h       III       • 

o 

11    18     0 

24.2 

11   28  50 

303.5 

11   20     0 

24.0 

11   31   10 

304.8     , 

11   22  40 

24.4 

11   32  30 

304.7 

11   24  40 

24.9 

11   35     0 

304.9 

11   25  50 

24.9 

11  36  20 

305.4 
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Observations  of  Phobos.  —  Continued. 


Pacific  Time 

s 

11  40  20 

2G.4 

11  41  30 

26.7 

11  42  40 

26.8 

11  46  40 

27.1 

11  48  30 

27.1 

June  12,  1890. 
Night  c:iliii ;  seeing  bad,  =^  about  2. 

Obseuvations  of  Phobos. 


Pacific  Tirae 

P 

10  25  40 

140!2 

10  27  10 

141.8 

10  33   10 

143.4 

10  38     0 

143.8 

10  39  50 

144.7 

June  26,   1890. 

Nigiit  calm  ;   tliiu  haze  aud  moonlight ;    seeing  about  3. 
Jleasmes  made  after  reappearance  of  Phobos  from  eclipse. 

Observations  of  Phobos. 


Pacific  Time 

P 

Pacific  Time 

s 

9  56  40 

128°0 

10     8   10 

24.1 

9  59     0 

128.5 

10     9  30 

24.2 

10     1   20 

129.1 

10   18  40 

24.7 

10     2  30 

128.8 

10  56  40 

19.3 

10     5   10 

128.8 

11     0     0 

18.8      1 

July  18,   1890. 
Seeing  3.     After  the  reappearance  of  Phobos  from  eclipse 
two  measures  of  distance  were  made. 

Observations  of   Phobos. 


Pacific  Time 

s 

9  39     0 
9  41   10 

17.3 
18.3 

Observations  of  Eclipses  of  the  Satellites. 
In  an  account  of  observations  of  the  satellites  of  Mars  in 
1888*,  I  pointed  out  the  probability  that  the  eclipses  of  the 


■  See  Astronomical  Journal,  no.  178 


satellites  could  be  observed  with  the  great  telescope  in  favor- 
able oppositions.  E.\perience  has  shown  that  this  is  quite 
possible  ;  but  partly  on  account  of  reasons  already  given, 
and  partly  on  account  of  the  very  low  altitude  of  Mars, 
which  restricted  the  ol)servations  to  a  small  hour-angle,  only 
a  very  few  ecli|)ses  were  observed  during  the  opposition  of 
the  past  stunmer.  There  is  no  doubt  that  at  a  favoiable 
opposition,  with  Mars  at  a  high  altitude,  a  long  series  of 
eclipses  can  be  observed,  and  the  positions  of  the  satellites 
determined  with  much  greater  precision  than  that  which  is 
attainable  b}'  the  aid  of  micrometer  measurements  alone. 
For  tills  puri)ose  an  ephemeris  like  that  of  Mr.  Mautii,  in 
which  the  ecli[)ses  are  |)redicted,  is  almost  indispensable. 

In  observing  the  eclipses  of  the  satellites  at  the  Lick  Ob- 
servatory, the  planet  was  hidden  behind  a  thickly  smoked 
slip  of  glass,  which  just  allowed  the  outline  of  the  disc  to  be 
seen.  The  eyepiece  was  turned  so  that  this  occulting  l)ar 
was  perpeudicular  to  the  line  joining  the  center  of  Mars  and 
the  estimated  place  of  reappearance  of  the  satellite,  aud 
rocked  gently  back  and  forth  by  the  screw  of  its  slide  in 
order  that  any  small  point  of  light  should  more  readily  catch 
the  eye.  The  time  was  noted  at  each  suspected  appearance, 
usually  by  au  assistant. 

The  eclijises  before  opposition  could  not  be  seen  on  ac- 
count of  cloudy  weather.  Such  observations  as  were  made 
after  opi)osition  (iueludiug  failures)  are  given  below. 

June  12,  1890. 
Looked  for  eclipse  of  Dcimos.  which  according  to  the 
ephemeris  should  occur  at  about  10''  20'",  but  could  see 
nothing  of  the  satellite.  Definition  bad,  =  2.  Deimos 
first  seen  at  12'',  then  about  1  diameter  from  limb  of  Mars. 
It  was  very  dim. 

June  26,  1890. 
Niglit  calm  :  seeing  3  on  scale  of  5.  The  sky  is  covered 
with  thin  haze,  and  the  moon  is  past  first  quarter,  hence  the 
field  is  full  of  milky  liglit.  Phobos  was  first  seen  at  9''  20'" 
26'  Pacific  Time,  after  several  suspected  reappearances  had 
been  noted,  and  was  rather  dim,  but  two  minutes  later  could 
be  seen  readily.  The  time  is  probably  not  much  in  error. 
Reappearance  of  Deimos  looked  for,  but  not  seen. 

July  1,   1890. 
Au  attempt  was  made  to  observe  the  eclipse  of  Deimos, 
but  nothing  could  be  seen  of  the  satellite  at  9''  15"".     The 
full  moon  shining  on   the  object-glass  filled  the  field   wicii 
light.     Phobos  was  not  seen. 

July  2,   1890. 
Night  calm  and  clear ;  seeing  3  to  4.     Phobos  appeared 
quite  suddenly  at  10''  41'"  2V  Pacific  Standard  Time,  and 
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this  observation  is  believed  to  be  correct 

to  within  a  few 

very  dim,  and  could  not  be  held  steadily.     Observation  con- 

secouds. 

sidered  worthless. 

July  11,   1890. 

July  18,  1890. 

Seeing  very  bad,  =  1.      Reappearance 

of   Phobos   sus- 

Seeing  =  3.     Phobos  reappeared  suddenly  at  9''  32"°  34* 

pected    at  t»''  6™  58' ;    certainly  seen  at  9' 

12™  8';    it  was 

Pacific  Time,  and  the  observation  appeared  to  be  good. 

NOTE   ON   THE  ACTION  OF   JUPITER  IX   188(i  UPON   COMET  d  1889, 

By  CHARLES  LANE  POOR. 
[Fellow  of  the  Johns  Hopkins  Uuiversitj-.] 


In  Mr.  Chandleu's  paper  on  the  action  of  Jupiter  upon 
Comet  fZ  1889,  found  in  the  Astronomical  Journal,  no.  205, 
it  is  stated  that  the  particular  numerical  results,  tiiere  given, 
are  to  be  regarded  mereh'  as  a  rude  sketch,  in  the  nature  of 
a  reconnoissance  survey  of  the  problem.  I  have,  with  Mr. 
Chandler's  assent,  carried  his  work  a  few  steps  farther ; 
have  made  a  second  approximation  to  the  numerical  solution 
of  the  problem. 

The  elements  used  by  Mr.  Chandler  were  first  corrected 
by  the  method  of  varying  the  geocentric  distances — the  last 
ol)servation  used  being  that  of  February  15,  made  at  Prince- 
ton. The  following  elements  were  derived  and  used  for  the 
subsequent  work. 

T  =  1889  Sept.  30.26274  Gr.  M.T. 

1°  33'     8".70" 

'  1890.0 


Si 

= 

17    58 

51 

.96 

I 

= 

6      4 

t 

.95 

loge 

=: 

9.6724290 

log  a 

= 

0.5659228 

log   It 

:= 

2.7011: 

>24 

The  perturbations  by  Jupiter  were  then  computed  from 
Septenil)er  1888  to  tiie  time  of  appulse  in  October  1886. 
An  interval  of  forty  days  was  used  until  March  1887,  when 
it  was  reduced  to  ten  days,  then  to  four,  and  finally  to  a 
single  day.  This  gave  for  the  elements  of  1886  Oct.  17.0, 
the  rollo\vin<r. 


L  =   214° 


r 


7T 

— 

2 

36    5 

il 

= 

19 

0    1 

f 

= 

31 

47 

i 

= 

7 

23     1 

log  ft 

= 

2.71 

984  1  2 

log  a 

=z 

Q.bi 

34435 

20". 8 

1  .4  !-  1890.0 
-..4) 
14  .9 


I'"ollowing  the  method  given  by  LaPlacic,  I  at  this  point 
ti;uisferred  the  center  of  motion  from  the  sun  to  Jupiter, 
:uiil  found  tiie  following  iiyperbolie  orbit  in  which  the  comet 
moved  about  Jupiter  between  1886  Mar.  29.0  and  Oct.  17.0. 
The  elements  of  the  hyperbola  arc  those  of  Oct.  17.0. 

12   Wi'xi  19th  St.,  A^eiv  York. 


71 

= 

297°  40'    0" 

.4" 

) 

« 

— 

241    28    44 

.2 

fl« 

i 

= 

35    33    29 

.0 

) 

log  a 

= 

U8.9542352 

loge 

= 

0.0436218 

T 

= 

1886  Julv  4.47444 

1890.0 


I  then  computed  the  [jerturbations  due  to  the  action  of  the 
sun  on  the  comet,  while  the  latter  was  traversing  the  above 
hyperbolic  orbit.  The  method  of  rectangular  coordinates 
was  used.  At  first,  a  ten-day  interval  was  found  satis- 
factory ;  but  as  the  comet  approached  its  perijove,  this 
interval  had  to  be  decreased  to  two  days,  and  finally  to  a 
single  day.  After  the  comet  had  well  passed  its  perijove 
tlie  interval  was  first  increased  to  two  days,  and  finally  to  ten 
days.  Thus  were  found  the  rectangular  coordinates  and 
their  differential  coefficients  for  the  comet  on  March  29.0, 
the  day  on  which  I  referred  the  comet's  motion  back  again 
to  the  sun  as  a  center.     The  orbit  thus  doduced  is. 


7  M8 


n  =  221°  29'  42".00 

Q,  =  182    54     14 
i  =       9    28    15  .40  ) 

log  e  =  9.6571959 

loga  =  0.9822130 

log /I  =  2,0766871 

T  =  1887  June  6.4829  C 

Period  =  29.7386  years. 


890.0 


M.T. 


Computing  the  perturbations  by  Jupiter  from  March  29.0 
to  February  8.0,  and  using  eight-day  intervals,  1  find  for 
the  elements  of  the  comet's  path  about  the  sun  on  1886 
February  8.0. 


n  =  221°  10'  56" 

ii  =  183      1    23 

t  =       9      4    26 

.6) 

.4  [  1886.0 

.1  \ 

p  =     25    34    46 

.6 

log /I  =  2.0999981 

loga  =  0.9666724 

T  =  1887  June  8 

64633  Gr.  M.T 

This  result  is  to  be  regarded  merely  as  a  goo<l  approxima- 
tion, and  is  still  liable  to  some  slight  changes  in  niv  own  woi  k. 
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OX   THE   REDISCOVERY   OF  D' ARREST'S   COMET, 

By  E.  E.  BARNAHI). 


I  lu'f^an  a  caiefiil  soaixli  for  D'Akukst's  periodic  comet 
on  April  14  of  this  year,  and  kept  it  up  on  every  favorable 
occasion  until  Sept.  4,  after  which  date  the  searcli  was  given 
up  as  hopeless,  as  the  comet  was  decreasing  in  light,  and 
was  getting  into  a  poor  position  for  finding.  From  that 
time  the  comet  dropped  entirely  from  my  memory. 

On  October  6,  while  sweeping  with  the  12-inch  near  the 
southern  horizon.  I  ran  upon  a  very  faint  diffused  nebulosity, 
some  2'  or  3'  in  diameter,  which  was  at  once  recognized  as  a 
cjmet.  Its  position  and  direction  of  motion  were  determined, 
and  the  discovery  was  telegraphically  announced  as  that  of 
a  new  comet. 

From  the  first  three  observations,  on  successive  nights, 
Mr.  Scn.KBKitLE  computed  a  preliminary  orbit,  and  upou  coni- 
[laring  this  with  previous  orbits,  it  was  at  once  seen  that  the 
object  must  be  the  long  looked  for  D'Aruest's  comet.  A 
comparison  with  M.  Leveau's  epiiemeris  in  Astr.  Nadir. 
29.')9  proved  the  truth  of  this  beyond  question. 

The  discovery  was  entirely  in  the  line  of  original  search, 
and  without  an^'  recollection  of  the  position,  or  even  of  the 
existence  of  D'Arrest's  comet. 

On  the  first  few  nights,  while  the  observations  were  being 
made  with  the  micrometer,  the  comet  was  extremely  faint 
and  dilTused  ;  but  since  that  time  it  has  steadily  increased  in 
brightness,  or  rather  it  has  apparently  increased  in  density, 
and,  before  the  moon  interfered,  it  was  seen  on  seveVal 
nights  in  the  S^-inch  finder  of  the  12-inch. 

At  these  last  observations  the  theoretical  light  of  the 
comet  was  0.6.  From  its  distinctness  then,  I  think  it  could 
be  observed  when  only  one-tenth  as  bright.  It  should  there- 
fore be  seen  until  well  into  next  year.  Its  light  on  Decem- 
ber 18  (0.15)  will  be  the  limit  of  minimum  visibility  at  any 
previous  return.  Since  April  22  of  this  year,  the  light, 
tlieoretically,  has  all  the  time  been  much  above  this  limit, 
and  in  the  mean  time  the  comet  has  been  in  an  extremely 
favoiable  position  for  discovery.  The  maximum  brightness, 
1  0;i,  was  attained  about  the  last  of  August.  From  the 
middle  of  April  until  October,  the  light  must  have  been  re- 
markably low  for  the  comet  to  escape  detection  with  the 
most  powerful  telescopes  in  the  world. 

According  to  M.  Levead,  the  theoretical  light,  at  previous 
returus,  while  the  comet  was  under  observation,  ranged  in 

ISol  from  1.50  to  0.(50 
1857  "  0.23."  0.16 
1870  "  -T).89  "  0.15 
1877     "      0.20  "  0.15 

In  1883  the  maximum  liglit,  while  favorably  placed  for 
observing,  was  0.09,  and  the  most  careful  search  failed  to 
fiud  the  comet. 


At  the  present  apparition  the  light  has  been  above  O.l.'i 
since  April  22,  and  the  comet  has  been  most  excellently 
placed  for  observing.  The  search  for  it  at  this  return  has 
been  the  most  thorough  and  exhaustive  perhaps  that  w;is 
ever  made  for  any  comet,  and  it  seems  to  have  been  abau- 
douod  as  hopeless  only  after  the  comet  had  passed  its  great- 
est brightness  and  most  favorable  position. 

These  considerations  lead  us  to  the  imi)ortant  question  of 
the  condition  of  the  comet's  light  during  the  past  .six  months. 
Especially  is  this  the  case  when  we  find  that  during  all  this 
time  the  comet  must  have  been  close  to  the  ephomeri.s-placc  ; 
indeed,  it  must  have  been  in  any  ordinary  low-power  field 
when  the  telescope  was  set  to  the  ephemeris-position,  for 
the  observations  give  a  correction  (Oct.  15)  of  only — O^.o 
and  — 3'  to  M.  Leveau's  ephemeris. 

The  following  .are  the  dates  upon  which  the  comet  was 
sought  for,  with  the  12-incii.  Though  a  record  was  kept  of 
the  extent  of  the  sweeps,  etc.,  it  is  not  necessary  to  print 
such  here  because  we  now  know  that  the  comet  must  have 
followed  the  ephemeris  closely. 

1890  April  14,  air  unsteady,  Imt  transparent.  April  24, 
covered  the  place  well.  April  26,  seeing  4.  May  8,  seeing 
poor.  May  11,  sky  milky.  May  12,  seeing  poor.  May  14, 
sky  poor.  May  15,  seeing  rather  poor.  May  17,  seeing 
poor.  May  18,  seeing  fair.  May  20,  seeing  fair.  May  25, 
seeing  good.  June  5,  seeing  fair,  place  well  located  by  DM. 
stars,  thorough  and  careful  search.  '-The  comet  can  not 
be  near  its  ei)hemeris-place,  or  it  must  be  excessively  faint." 
light  0.4.  June  8,  good.  June  16,  good.  June  17,  searched 
with  36-inch,  three  new  nebulas  found  near  the  comet's 
place,  seeing  not  very  good.  June  18,  the  three  nebulas 
seen  again  with  .'56-ineh  in  the  places  of  last  night.  July  3, 
fair.  July  4.  good.  An  oliject,  su[)posed  to  be  D'Arrest's 
comet,  found 

a  (apparent)        16''     5"'  21^70 
t^  (apparent)    +10=    19'    36". 7 

Very  faint,  between  a  7". 5  star  and  a  10"  star.  As  there 
was  not  sufficient  time  before  moon-rise  to  detect  motion, 
the  object  from  its  closeness  to  the  ephemeris-place  was  as- 
sumed to  be  the  comet,  and  its  position  was  determined  with 
the  micrometer,  and  a  cipher-telegram  made  out,  containing 
the  position  ready  to  send  olT  the  following  night  as  soon  as 

the  comet  was  verified,  but July  5,  the  object  of  last 

night  found  to  be  a  new  nebula.  July  6,  seeing  fair,  searched 
three  hours  for  the  comet,  with  magnifying  powers  of  80 
and  150,  all  over  and  about  the  place  ;  at  this  time  the  light 
of  the  comet  was  0.7.  July  13,  seeing  =  5.  July  16, 
searched  for  two  hours,  seeing  good.  August  4,  searched 
for  two  hours,  seeing  good  :  light  =  0.96.  Sept.  3,  seeing 
good.     Sept.  4,  seeing  good  ;  light  =  1.03. 
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After  this  prolonged  search,  often  extending  over  5°  or 
0°  on  each  side  of  the  ephemeris-place,  and  frequently  occu- 
pj'iiig  several  hours'  lime,  it  appeared  justifiable  to  abandon 
the  comet  to  its  fate,  especially  as  the  theoretical  light  was 
now  diminishing. 

While  looking  for  the  comet,  quite  a  number  of  new  nebu- 
las were  discovered.  These  are  retained  for  publication  in 
a  list  of  new  nebulas  discovered  here. 

The  return  of  tliis  comet  in  1870  was  almost  exactly  under 
the  same  conditions  as  that  of  the  present  year.  Indeed, 
the  paths  were  so  nearly  alike,  that  an  ephemeris  of  the 
comet  for  1870  would  have  served  as  a  rough  finding  e|)liem- 


eris  for  this  year.     When  found  by  me,  Oct.  6,  the  comet 
was  at  9''  24""  in 

a  =  19"   IS-". 5,         6  =  —26°  7'. 

When  observed  by  Schmidt  at  Athens,  1870  Oct.  1.3,  at 
7''  3"",  the  position  of  the  comet  was 

a  =  19''  12"'. 3,         S  =  —26°  14'. 

It  was  WiNNECKE,  however,  who  discovered  the  comet  at 
its  appearance  in  1870,  on  August  31. 

At  the  present  return  the  comet  must  have  very  recently 
passed  quite  close  to  Mam. 

Following  are  the  last  two  positions  of  the  comet  before 
the  moon  interfered. 


IsnOMt.  Ilaniilton  M.T. 


Oct.  16 
17 


7  21   24 

8  a  36 


No. 
Coinp. 


18,7 
18  ,  6 


^— * 


Ja 


+  1   3G.24 
+  0  21.40 


Ih 


—7     8.4 
+  5  10.7 


!>/'s  apparcMit 


19  54   2.24 
19  58  6.20 


log  PA 


—27  39  39.0      9.215 
—27  45   15.9      9.403 


0.890 
0.881 


12 


Mean  Pbices  for  ISOO  of  Co)n]>un'soii-Sf((rs. 


24.30 
43.10 


I  it'll,   to 

app.  place 

+  l''.70 
+  1.70 


-27  32   30.4 
-27  50  26.3 


Red.  to 
app.  place 


—0.3 


Gould  G.C.  27340 

Comp.  with  Gould  G.C.  27430 


Up  to  the  lime  the  moon  came  into  the  evening  sky,  the 
comet  was  observed  on  the  following  dates  with  the  1 2-iuch  : 
October  6,  7,  8,  9,  10,  11,  12,  13,  14,  15,  16  and  17.     Some 

Mt.  Hamilton,  1890  Oct.  24. 


of  the  comparison-stars  have  not  yet  been  identified,  so  the 
observations  on  the  other  dates  are  withheld  except  those  of 
Oct.  6,  7  and  8,  which  have  been  already  sent  to  the  Journal. 


EPHEMERIS   OF   VARIABLES   OF   THE   ALGOL-TWE. 

.\pproxiuiate  Greeinvicli  M.T.,  1S90. 
In  tlio  followiug  ephemeris  the  star  5'  AntUae  is  not  included,  for  the  reason  slated  on  another  page  of  this  number, 
re  ;i  .separate  e|)iiemeris  for  it  will  be  found  covering  the  coming  season  of  its  visibility. 
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EPIIEMERIS   OF    S  ANTLIAE, 


Hy  s.  c.  ciianulkk. 


Ill  tlie  syuchronistic  eplienieris  of  tlie  varialiles  of  the 
AJgol-\.y\)Q  on  a  precediug  page,  S  Antlkte  was  iiol  in- 
cluded, because  the  minima  occur  so  frequently  that  the 
ephemeris  iu  tiiat  form  would  letjuire  an  inordinate  space. 
It  is  therefore  given  here  separately  for  the  whole  season 
181)0-1891,  during  which  the  star  is  visible,  iu  a  form  similar 
to  that  used  by  me  previously  for  other  stars.  It  is  based 
on  the  elements  given  in  the  supplement  to  the  variable  star 
catalogue  (.1.-7.,  IX,  pp.  186,  7  ;  see  also  p.  190).     The  ex- 

Ephemeuis 


act  Greenwich  mean  time  of  any  miniuium,  by  those  ele- 
ments, for  any  date  iu  the  table,  is  found  simply  l)y  applying 
to  the  time  in  the  right-hand  column,  opposite  the  date,  the 
correction  at  the  foot  of  the  cohnnn  of  dates.  The  numbers 
at  the  head  of  each  colunm  indicate  the  numbering  of  the 
epochs,  being  the  numbers  of  the  first  and  last  minima  in  the 
colunm  below.  Thus,  the  exact  computed  time,  by  the  ele- 
ments, of  E  3418  is  1891  Apr.  26"  13"  48'". 2  — 50"'.4  =  1891 
Apr.  20"  12"  57'".8. 

OF  S  Antliae. 


2988 

3025 

3062 
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Feb.  18 

1891 

Mar.     2 

1891 

Mar.  14 

1891 

Mar.  26 

1891 

Apr.  7 

1891 

Apr.  19 

h       ni 

2  51.8 

8 

20 

1 

i;i 

25 

6 

18 

2 

14 

26 

7 

11) 

10  38.6 

8 

20 

1 

13 

25 

6 

18 

2 

14 

26 

7 

19 

18  25.4 

9 

21 

2 

14 

26 

7 

19 

3 

15 

27 

8 

20 

2  12.2 

9 

21 

2 

14 

26 

7 

19 

3 

15 

27 

8 

20 

9  59.0 

9 

.21 

2 

14 

26 

7 

19 

3 

15 

27 

8 

20 

17  45.8 

10 

22 

3 

15 

27 

8 

20 

4 

16 

28 

9 

21 

1  32.6 

10 

22 

3 

15 

27 

8 

20 

4 

16 

28 

9 

21 

9  19.4 

10 

22 

3 

15 

27 

8 

20 

4 

16 

28 

9 

21 

17    6.2 

11 

23 

4 

16 

28 

9 

21 

5 

17 

29 

10 

22 

0  53.0 

11 

23 

4 

16 

28 

9 

21 

5 

17 

29 

10 

22 

8  39.8 

11 

23 

4 

16 

28 

9 

21 

5 

17 

29 

10 

22 

16  26.6 

12 

24 

5 

17 

29 

10. 

22 

6 

18 

30 

11 

23 

0  13.4 

12 

24 

5 

17 

29 

10 

22 

6 

18 

30 

11 

23 

8    0.2 

12 

24 

5 

17 

29 

10 

22 

6 

18 

30 

11 

23 

15  47.0 

12 

24 

5 

17 

29 

10 

22 

6 

18 

30 

11 

23 

23  33.8 

13 

25 

6 

18 

30 

11 

23 

7 

19 

31 

12 

24 

7  20.6 

13 

25 

6 

18 

30 

11 

23 

7 

19 

31 

12 

24 

15     7.4 

13 

25 

6 

18 

30 

11 

23 

7 

19 

31 

12 

24 

22  54.2 

14 

26 

7 

19 

31 

12 

24 

8 

20 

Apr.  1- 

13 

25 

6  41.0 

14 

26 

7 

19 

31 

12 

24 

8 

20 

1 

13 

25 

14  27.8 

14 

26 

7 

19 

31 

12 

24 

8 

20 

1 

13 

25 

22  14.6 

15 

27 

8 

20 

Feb.     1 

13 

25 

9 

21 

2 

14 

26 

6     1.4 

15 

27 

8 

20 

1 

13 

25 

9 

21 

2 

14 

26 

13  48.2 

15 

27 

8 

20 

1 

13 

25 

9 

21 

2 

14 

26 

21  35.0 

16 

28 

9 

21 

2 

14 

26 

10 

22 

' 

15 

27 

5  21.8 

16 

28 

9 

21 

2 

14 

26 

10 

22 

3 

15 

27 

13    8.6 

16 

28 

9 

21 

2 

14 

26 

10 

22 

3 

15 

27 

20  55.4 

17 

29 

10 

22 

3 

15 

27 

11 

23 

4 

16 

28 

4  42.2 

17 

29 

10 

22 

3 

15 

27 

11 

23 

4 

16 

28 

12  29.0 

17 

29 

10 

22 

3 

15 

27 

11 

23 

4 

16 

28 

20  16.8 

18 

30 

11 

.23 

4 

16 

28 

12 

24 

5 

17 

29 

4    2.6 

18 

30 

11 

23 

4 

16 

28 

12 

24 

5 

17 

20 

11  49.4 

18 

30 

11 

23 

4 

16 

28 

M 

24 

5 

17 

29 

19  36.2 

19 

31 

12 

24 

5 

17 

Mar.    1 

13 

25 

6 

18 

30 

3  23.0 

19 

31 

12 

24 

5 

17 

1 

13 

25 

6 

18 

30 

11     9.8 

19 

31 

12 

24 

5 

17 

1 

13 

25 

6 

18 

30 

18  56.6 

-h42'.0 

+  33!"6 

-t-25'."2 

+  1678 

+  8.4 

o'.'b 

— 8"4 

— 16?8 

—25.2 

— 33'?6 

— 42"o 

—50.4 

N°-  228. 


THE     ASTRONOMICAL    J  O  U  K  N  A  L , 


95 


It  ma\'  also  be  observed  that  1200  periods  are  exactly  389 
solar  days,  a  property  that  enables  us  to  make  use  of  the 
table  for  the  precise  comparison  of  observations  iu  other 
years  with  the  elements.  Thus,  subtracting  1200  periods 
and  24  days  from  the  example  above,  we  have  the  computed 
time  of  E  2218,  1890  Apr.  2"  12"  oT^.8.  Now  we  have  an 
observation  of  this  minimum  on  p.  190,  Vol.  IX, 


Observed  time,  corrected, 
Computed  time,  as  above, 

O— C, 


1890  April  2  13     6.0 
1890  April  2  12  57.8 

+  8.2 


Observed  Cambridge  M.T., 
Long.,  Greeuw.-Cumbr., 
Light  equation, 


1890  April  2  8  ]6,.j 
+  4  44.5 
+       5.0 


precisely  as  given  in  the  place  cited.  By  adding  or  sub- 
tracting approi)riate  multiples  of  1200  periods  and  24  days 
(23  days  in  leap  years)  observations  in  any  year  may  be 
similarly  compared. 


FILAR-MICROMETER   OBSERVATIOXS   OF   COMET  c  1890  (Dexxixg,, 

made  with  the  12-ixch  equatorial  of  the  lick  obsekvatoitv, 
By  K.  E.  BARXARD. 


'l890Mt.  Haiuiltoii.M.T 


Julv  25 

"  25 
25 
26 
26 
27 
27 


Aug.  3 
6 


10 
10 
12 
14 
15 
18 
21 
Sept.  3 


Oct. 


13  21  55 
15  13  58 
15  37  29 
13  37  29 
13  44  18 

13  54  20 

14  23  52 

13  57  23 

14  51  20 
9  30  40 
9  23  24 

10  1  18 
10  10  52 
10  39  55 
10  56  59 
9  32  33 

10  23  41 
9  55  22 

11  34  27 
9  38  24 
9  25  20 

10  14  29 
10  35  5 
8  25  35 
8  31  52 
8  31  52 
8  0  20 
7  26  10 
7  40  49 
7  24  29 
7  36  58 


* 
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3 

16 
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18 
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19 

8 

20 
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3 
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11 

22 

3 

22 
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18.15 

+  1 
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— 1 
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25.05 
17.16 
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5.25 

+  0  44.44 
+  0  0.44 
+  0  20.68 
— 0  4.23 
— 0  3.21 
+  0  1.75 
+  0  5.41 

+  1  20.86 
— 0  9.80 
+  1  57.22 
+  1  18.94 
— 0  31  32 

— 0  24.44 

—  1  49.84 


+ 

1 
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1 
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2 
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— 

"o 
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15  13  46.8 
15  13  49.39 


15  13  47.23 
15  13  57.68 


15  13  57.96 


15  15  54.71 
15  17  36.04 

15  18  51.31 

15  20  14.15 
15  21  36.68 
15  23  8.3 
15  23  51.5 
15  26  17.92 
15  28  43.78 
15  39  49.59 

15  43  29.4 
15  46  0.89 
15  47  49.11 
15  47  49.21 
15  52  19.7 


+  76 


+  76  2  14.4 
+  75  7  43.8 


+  74  6  27.0 

+  74  5  14.9 
+  66  30  37.4 
+  62  47  53.4 
+  60  9  56.4 

+  57  11  6.7 


logpA 

foro      1    ford 

0.289 

0.299 

0.207 

0.756 

0.422 

9. 894 

.        ,       , 

0.217 
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0.269 

9.925 

+  54 

43     0.1 

9.819 

+  51 

42.6 
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+  50 

20.2 

9.816 

+  45 

43  25.4 
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+  41 

9  37.4 

9.785 

+  21 

0  47.2 
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+  14 

55.4 

9.687 

+  10 

58     6.5 

9.617 

+   8 

15  36.5 

9.626 
9.626 

+    1 

55.5 

9.605 

9.713 
9.876 


9.914 


16  6  25.0 


16  10  18.31 


—13  42.7 


il.2 


9.641 
9.657 


0.679  • 
)(0.365| 
0.279 
9.740 

9.924  I 

»i9.176l 
0.118  ; 
9.964  ! 
0.572  I 
0.496 
0.613 
0.699 

0.660 
0.6S4 

0.71.S 
0.777 

0.779 


Mean  Places  for  1S90.0  of  Comparison-Sfars. 


* 

a 

Red.  to 
app.  place 

s 

Keil.  to 
app.  place 

Authority 

1 

15  12     1.1 

+  K61 

+  76     6 

+  15.4 

DM.  76°  555 

2 

15   14  23.74 

+  1.62    . 

+  75  52  39.0 

+  15.4 

Oe.A.  15302,3 

3 

15  20  15.28 

+  1.60 

+  75   15     7.2 

+  15.7 

Schword's  observalions.  903 

4 

15   12  38.19 

+  1.34 

+  74   17   16.0 

+  15.5 

Compared  with  Oe.A.  15180 

5 

15   12  55.10 

+  1.34 

+  74   11     3.5 

+  15.5 

Compared  with  star  4 

6 

15   17  18.83 

+  0.93 

+  66  28  43.5 

+  15.1 

1  Christiania  Zones 
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* 

a 

Hcd.  to 
app.  place 

s 

Ucil.  to 
app.  place 

Authority 

7 

h      n 

15  17 

52.40 

+  0".80 

+62 

52     7.3 

+  15.5 

Helsiiigfors-GoUia  A.G.  8330 

8 

15   18 

55.81 

+  0.75 

+  60 

4  43.4 

+  14.9 

Helsingfor.s-Gotha  A.G.  8333 

9 

15  19 

29.01 

+  0.70 

+  57 

18     6.6 

+  14.7 

J(Oe.A.15338,9  +  2H.-(;.A.G.8340) 

10 

15  21 

35.55 

+  0.69 

+  54 

37     2.5 

+  14.3 

Oe.A. 15365 

11 

15  22 

46.9 

+  0.67 

+  51 

41.2 

+  13.9 

DM.  5 r  2006 

12 

15  23 

55.0 

+  0.66 

+  50 

21.9 

+  13.7 

DM.  50°  2176 

13 

15  26 

20.51 

+  0.62 

+  45 

42  21.1) 

+  13.1 

B.B.  45°  2291 

1-1 

15  28 

41.43 

+  0.60 

+  41 

13  22.6 

+  12.4 

9''.5(eoiiii).witlir-Bootis:=Yar.6512) 

1;") 

15  39 

43.57 

+  0.61 

+  21 

0  26.3 

+    7.7 

DM.  21    2S10  conip.  with  W.B.  15i'8H5-8 

16 

15  42 

7.9 

+  0.61 

+  14 

51.9 

+   5.3 

DM.  14°  2938 

17 

15  46 

10.15 

+  0.54 

+  10 

52  18.9 

+   3.9 

W.B.  1.5"  854 

IS 

15  45 

51.34 

+  0.55 

+   8 

12  15.1 

+   3.6 

W.B.  15"  852 

19 

15  46 

29.72 

+  0.55 

+   8 

10  42.3 

+  :',.P, 

W.B.  15" 860 

20 

15  52 

50.4 

+  0..58 

+    1 

54.0 

+  2.(5 

DM.  +2°  3025 

21 

16     6 

48.9 

+  0.54 

—13 

45.0 

—  1.7 

SDM.  — 13=^4378 

22 

16  12 

7.62 

+  0.53 

—17 

6  57.4 

—  2.6 

i(LaL  29677  +  Oe.A.  15492) 

♦The  Jn  measureil  direct  with  micrometer. 

Star  7.  The  place  of  thi.s  star  from  Oo..\.  is  1.5='  17'"  52M1, 
+G2°  51'  18".4  (1890.0).  Tlie  D.M.  chiK-ks  the  declination  of  the 
A.G. 

Stars.  The  place  from  Oe.A.  is  l.-)i'  IS"'  55».82,  +  G0°  4' 24''.6 
(1890.0).  There  seems  to  be  an  error  in  the  declinations  of  both 
stars  in  Oe..V, 

Star  9.     Oe.A.  1.5339  corrected  by  — 1> 

Mt.  Hamilton,  1890  October. 


St.m;-C'omp.\i;isons. 


Star  4. —Oe.A.  15180 
Star  5.  — Star  4 
Star  14.  —  Yar.  G512 


+6  44.75  (8; 
+0  1G.91  (IG) 
+0  50  G2f2G[2n]) 


-1  31.4(3) 
-G  12.5  (3) 
-2  58.9  (G[2n]) 


The  comet  remained  a  faint  object  thronjjliout  the  observations. 
In  Julj-  and  August  it  had  a  small  stellar  nucleus  of  the  13th  magni- 
tude and  a  faint  diffused  tail. 


ERRATA  m  FOLIE'S  PRECESSION  TABLES, 

By  SIDNEY  J.  LOCHNER/ Assist.\xt  at  Dudley  Observatory. 


While  usin-:  Table  I  of  Folie's  Dozize  Tables  pour  le  Calcul  des 
Beduclions  Sldluires,  the  following  errors  were  detected  in  addition 
to  those  noted  in  the  introduction  to  that  work. 
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No.  227,  p.  85,  col.  2,  for  X  Cygni,  put  X  Cygni. 
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ON  THE  KELATIVE  REFRANGIBILITY  OF  THE  LIGHT  OF  MAES  AND  STARS, 


By  W.   I..   KLKIN. 


Prof.  Newcomb  lias  askeil  iiic  to  draw  up  for  tlie  Astro- 
nomical  Journal  a  short  account  of  an  attempt  raacle  for 
liini,  witli  the  Yale  helionieter,  to  determine  the  relative  re- 
frangibility  of  the  light  of  Mars  as  compared  witli  that  of  au 
average  star.  Theoretically,  owing  to  the  deficiency  of  blue 
rays  in  the  light  of  Mars,  it  should  suffer  a  less  refraction 
than  do  the  stars  ;  and,  if  the  difference  be  sensible,  it  has  au 
important  bearing  on  the  solar  parallax  determinations  from 
Mars.  Prof.  Newcomb  proposed  to  place  two  prisms  of 
small  refracting  angle,  acting  in  opposite  directions,  over 
the  object-glass  of  the  helionieter,  thus  measuring  the  sum 
of  the  refractions  of  the  prisms  liy  bringing  the  two  images 
side  by  side.  The  prisms,  which  Prof.  Newcomb  ordered 
from  HitASHEAR,  and  of  which  the  cost  was  defrayed  by  a 
grant  from  the  Bache  fund,  measured  two  inches  by  four, 
and  produced  a  refraction  of  about  6^',  corresponding  to 
that  caused  by  the  atmosphere  at  80°  20'  zenith-distance. 
They  were  mounted  in  front  of  the  objective,  placing  semi- 
circular diaphragms  of  two  inches  radius  between  prism  and 
lens,  and  inclined  at  an  angle  of  about  1°  to  the  line  of  sec- 
tion of  the  object-glass.  The  two  images  of  Mars  when 
brought  together  were  thus  about  taugent  to  each  other,  and, 
as  the  focal  plane  contained  a  pair  of  wires  perpendicular  to 
the  direction  of  displacement  of  the  semi-lenses,  fairly  ac- 
cordant pointings  could  be  made  by  bringing  the  two  images 
between  and  parallel  to  these  wires.  What  I  attempted  to 
observe  was  not  the  brightest  part  of  the  spectrum,  nor  the 
limits  of  its  extent,  but  what  I  might  call  the  center  of 
gravity  of  the  mass  of  light,  this  being  in  my  opinion  the 
only  way  of  attaining  the  desired  result.  I  was  fully  pre- 
pared to  expect  considerable  systematic  error  in  comparing 
in  this  manner  a  disk  like  Mars  with  stellar  points,  but  I  did 
not  anticii)ate  the  result  which  did  ensue,  which  was  that  I 
liointod  upon  a  dilTerent  part  of  the  stellar  si)ectrum  accord- 
ing to  the  brilliancy  of  the  star,  the  center  of  gravity  of  the 
images  of  the  fainter  stars  appearing  to  'my  eye  further 
towards  the  blue  than  that  of  the  brighter  ones.  This  is 
very  plainly  apparent  from  the  following  values  of  the  ob- 
served displacement,  the  stars  being  all    in  the  immediate 


neighborhood  of  Mars  in  June  1890,  and  eacli  result  depend- 
ing upon  four  pointings. 


Star 

Uras.  Alio  ,  Scorjiins     13 

18 

Oi)hiuchus  28 

"  7 

Ophiuchus    9 

Scorpius     1 2 

61 

Ophiurlncs  25 

Scorpius     20 

"  9 

"  38 

21 

Scorpius  39 
■H 
40 
49 


Scorpius 


Scorpius 


2.4 
2..') 
2.6 
2.7 

3.3 
3.4 
3.4 

3.8 

4.4 
4.5 
4.0 
4.6 

0.2 
5.6 
5.7 
5.7 

6.0 
6.0 
6.2 
(,.:) 

G.9 
6.9 
7.0 
7.0 


Observed 
Displacement 

748.54 
748.74 
749.25 
748.62 

748.55 
749.59 
749.87 
749.25 

749.18 
74 9. OS 
71  ".'.17 
749.46 

749.21 
7.">0.05 
749.79 
751.28 

749.01 
749.34 
751.83 
752.00 

751.95 
750.85 
751.50 
752.14 


Taking  the  means  of  the  groups  indicated  we 
values : 

Man. 


•_).-,.-, 

T>i..i 

lacement 

748.79 

3.5 

749.31 

4.5 

749.22 

.5.55 

750.08 

6.1 

750.54 

6.95 

751.61 

showing  plainly  the  progressive  discrepancy.      In  explaua- 
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tion  of  tliis  the  only  tiling  wliioli  lias  occiii'red  to  me  is  that, 
to  nie,  a  faint  star  seems  to  have  a  lilnisli  tinge,  so  tiiat  my 
eye  is  apparently  uioie  sensitive  to  faint  bine  rays  than  faint 
red  ones.  I  believe  this  is  a  generally  observed  phenome- 
non. 

The  similar  observations  on  Mara,   ni.'idc  Niniult;uif()iisly 
with  the  above,  are  as  follows  : 

Mars,  observed  displacement,  748.1 'J 
7-18.30 
748.28 
748.38 
749.00 
748.99 
748.85 
748.89 
748.52 
748.73 
748.80 
748.20 
Mean.  748. .'jg 

and  after  noticing  the  systematic  magnitude-error,  the  fol- 


lowing with  Mars  dimmed  down  altoiit  four  magnitudes  by 
means  of  a  wire  gauze  screen  : 


Mar 


bservod  (liH|)lact'mcnt. 


748.57 
748.84 


In  this  latter  case,  however,  the  image  of  Mars  was  rather 
sharpened  U])  than  otherwise,  and  I  hardly  think  the  effect  com- 
parable with  an  equivalent  diminution  of  the  light  of  a  star. 

From  these  results  it  is  not  easy  to  draw  any  conclusion 
as  to  the  relative  refrangibility  of  the  light  of  Mars  and  a 
star,  beyond  that  the  difference  cannot  l)e  very  large.  One 
difficulty  lies  in  deciding  upon  the  magnitude  to  be  assigned 
to  Mars  for  comparison  witli  the  star-results.  As  a  whole. 
Mars  was  niucii  brigliter  than  any  of  the  stars  compared, 
but  the  intrinsic  brilliancy  of  its  spectrum  was  probably  not 
very  much  greater  than  tliat  of  a  second-magnitude  star. 
The  diffeience  of  refraction  between  Mars  and  the  first 
group  of  stars  of  the  mean  magnitude  2.55  is  only  0".20, 
or  about  2-7^0  of  the  whole  amount,  and  is  really,  in  view 
of  this  uncertainty,  and  the  further  i)0ssible  sj'stematic  error 
in  comparing  a  planetary  disk  and  a  stellar  point,  hardly 
larger  than  its  probable  error,  in  my  estimation. 


Yale.  University  Obsevatory,  New  Haven.  Conn.,  1890  November. 


EPHEMERTS   OF   COMET  a  1890 

By  W.  W.  C.\MPBELL. 
This  conicl  ri'uiains  favorable  for  morning  observations 
during  several  months.  From  ai!  observation  made  here  this 
morning,  the  correction  to  my  ephemeris  in  the  Astrp- 
nomical  Journal  no.  222.  was  :  Jn  =  — 7'.0,  ,J(V  =  — 30". 
The  following  continuation  of  the  ephemeris  will  therefore 
sullici'  for  purposes  of  observation. 


{li HOOKS.  M-irrh  t;)\ 


FIphkmeius  for  Greenwich  Mean  Midnight. 


1890 

Nov.  14 
!6 
18 
■>0 
22 
24 
26 
28 
30 

Dec.     2 


13 
Ann  Arbor 


App.  a 

i  I  r'37 

11  38 
11  35 
11  30 
11  21 
11  0 
10  52 
10  32 
10  8 
9  39 


App.  8 

-1-25°  50.1 

25  49.4 

25  49.6 

25  50.5 

25  52.3 

25  54.8 

25  58.2 

26  2.3 
26     7.3 

-f26  13.0 


los  )• 
0.4405 

0.4456 

0.4507 

0.4558 

0.4608 


0.5072 
0.5044 
0.50il 
0.4974 
0.4933 


Br. 

0.42 

0.42 
0.42 
0.41 
0.41 


1800 

App. 

a 

App.  ,\ 

IdiT  )■ 

I'lir  A 

Br. 

Dec.     4 

0 

l;)'    9' 

8 

6 

28 

'     26  27.0 

0.4658 

0.4888 

0.41 

8 

7 

45 

26  35.3 

0.4707 

0.4S4(» 

0.41 

10 

G 

56 

26  44.3 

12 

6 

■> 

26  54.2 

0.4757 

0.4  789 

0.41 

14 

5 

•} 

27     4.9 

16 

3 

56 

27   16.4 

0.4806 

0.4  736 

0.41 

18 

2 

44 

27  28.8 

20 

13      1 

25 

27  42.2 

0.4854 

0.4681 

0.41 

22 

12   51) 

59 

27  50.6 

24 

58 

26 

28   10.6 

0.4903 

0.4626 

0.41 

26 

56 

45 

28   25.6 

28 

54 

57 

28  42.0 

0.4951 

0.4569 

0.42 

30 

53 

1 

28  58.4 

32 

12   50 

57 

+  29   16.1 

0.4998 

0.4514 

0.42 

Enii.vTi'M 

—  No. 

222. 

p.  4."),  last  line 

fur      cos  ^  .  J,<  = 

— 4'.5, 

1890  Nov.  14. 


OBSERVED  MAXIMA   AXD  MINBIA   OF  VARIABLE   STARS, 

By  PAUL  S.  YENDELL. 


Y  Ophiiichf. 
The  variability  of  this  star  was  announced  l)y  Sawyer  in 
this  Journal  Vol.  9,  p.  138.  I  began  observations  upon  it 
1890  May  16,  from  which  date  until  October  15  it  was  ob- 
served 59  times ;  bad  breaks  occur  in  the  series,  caused  by 
unfavorable  wp.ather :  but  three   maxima   and  five  minima 


were  observed,  in  addition  to  which,  two  maxima  were  de- 
duced by  the  use  of  Sawyer's  light-scale  and  mean  curve. 

These  results  substantially  confirm  Sawyer's  elements, 
two  of  the  minima,  however,  being  markedly  discordant,  as 
will  be  seen  below  ;  in  four  cases  out  of  the  five  minima  the 
phase  appeared  to  be  sharply  marked  by  a  decided  inflexion 


TH  ]•;     A  sr  HON  ()M  I  C  A  I, 


of  the  liglit-LUivf,  llunigli  it«  goiieial  cliaraoler  for  about 
two-thirds  of  tlie  interval  betwcon  successive  maxima  seems 
to  be  very  flat. 

Tiie  observed  tiuies  are  as  follows,  tiie  maxima  marked  c 
haviug  beeu  deduced  by  the  use  of  the  mean  light-curve. 


Maxima 

K 

1890 

w 

()— C 

1(54 

May  14.58 

3 

+  0.12C 

166 

June  18.60 

4 

+  0.86 

1G7 

July     4.40 

4 

—0.48 

168 

•_'!'. 40 

;! 

+  0.38 

1  69 

170 

173 

Oct.  l."..i)5 

2 

+  0.23  f 

MiNI.M.l 
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Obskkvkd  Maxima 

UliSKKVKD   MiXIHA 

w 

W 

18110  Julv  12.0 

4 

1890  J uiv  21.0          2 

19.4 

3 

Aug.  7.0          3 

Aug.  15.4 

4 

.Sept.  4.3         4 

31.0 

3 

18.3          1 

June  27.0 

2 

-0.03 

Julv    14.5 

4 

+  0.33 

Aug.     4.5 

4 

+  4.19 

17.9 

4 

+  0.45 

Sept.     1.2 

4 

—2.39 

(Ioke's  New  Variable  in  Ilercidcx. 
This  star  has  recently  passed  a  bright  maximum  ;  a  mini- 
mum at  about  7'''.1  took  place  August  11,  and  a  maximum  of 
about  6".0  on  October  10  ;  when  last  observed,  November  6. 
it  had  again  fallen  to  6*'. 8. 

U  Aquilae. 
Observations  of  U  Aquilae  ■^•nve:  begun  1890  July  6,  be- 
tween which  time  and  October  11,  thirty-three  observations 
were  obtained  ;  from  the.'e  observations  four  maxima  and 
four  minima  are  deduced  bv  Ihc  single  light-curves,  as 
follows  : 

Dorchexter,  Mass.,  1890  Nov.  15. 


Jili  C'jijni. 
1  have  observed  this  star  of  Espin's  seventeen  times 
during  the  season.  On  June  16,  when  first  looked  at,  it  was 
estimated  to  be  of  the  ninth  magnitude,  being  =  the  DM. 
star  closely  s.f.,  which  ap[)ears  to  be  +44^3573,  9*'.l  ;  it 
rose  slowly  and  irregularly  to  about  8". 7,  and  passed  a  pretty 
distinctly  indicated  niaxinuim  on  August  20  ;  its  decrease 
was  more  rapid  and  regular  than  its  increase,  it  having  de- 
cliued  by  September  30  to  about  9". 4.  at  which  light  it 
remained  when  last  observed  on  November  13. 

T  HercuUs. 

Six  observations  of  this  star,  obtained  between  .September 
18  and  October  18,  indicate  that  a  maximum  was  passed 
September  30.  The  star's  light  at  maxiiuuin  is  estimated  at 
7>'.G. 

Observations  were  made  on  a  number  of  other  variables 
of  long  period,  but  the  repeated  long  breaks  in  the  series 
made  by  unfavorable  weather  have  broken  up  most  of  the 
lines  of  observations  so  b.idly  that  no  results  can  be  obtained 
from  them. 


OBSERVATIONS   OF   COMET  d  1890,  {d-arbest), 

madk  at  thk  u.s.  xavai,  oiiskkvatouy  witii  thk  u.g-inxii  kquatoitlai., 

By  Prok.  E.  FRISBY. 

[Communicated  by  the  Superiutendeut.] 


Wa 

Oct. 

14 

gtoii  M.T. 

* 

No. 
Comp. 

-* 

dZ 

^s  apparei) 
a 

8 

logp 

(or  o 

7"5(i"'l8'.0 

1 

20  ,  5 

+  0 

25.42 



3  21.1 

ii 
19 

45"'2l!95 

—27 

25 

0.6     9.359 

0.889 

17 

7   11    31.2 

2 

20  ,  4 

•> 

37.43 

— 

12     9.1 

19 

57  35.87 

—27 

44 

26.0 

9.126 

0.902 

18 

8  59  40.1 

2 

10  ,  2 

+  1 

45.24 

— 

17  20.1 

20 

1  58.53 

—27 

49 

37.0 

9.541 

0.862 

Nov 

1 

8     2   18.1 

3 

10  ,  2 

+  0 

34.41 

+ 

4  32.G 

20 

58  24.17 

—27 

53 

25.8 

9.377 

0.889 

5 

7  25  53.0 

4 

20  ,  5 

+  0 

20.28 

+ 

6  40.9 

21 

13  45.35 

— 27 

33 

36.6 

9.210 

0.899 

6 

8  21  22.6 

5 

9  ,  2 

+0 

40.40 

+ 

5  40.1 

21 

17  40.28 

—27 

26 

54.5 

9.441 

0.881 

M 

(tit.   Places  for  IS'JO.O  of  Comparisoii-Stdrs. 

* 

a 

Bed.  to 
app.  place 

s 

Bed.  to 
app.  place 

Authority 

1 
2 
3 
4 
5 

19  44  54.84 

20  0  11.56 

20  57  48.05 

21  13  23.21 
21   16  58.02 

+r.69 

\t\m    ■ 
+  1.71 
+  1.8G 
+  1.86 

— 27°2l'  39"l           —0.4 
—27  32  17.0           \:^\\ 
—•21  58     0.0            +1.6 
—27  40  19.5     [       +2.0 
—27  32  36.6           +2.0 

A(Gouhl  +  Stoue  +  Yariiall) 
Gould,  Zone  CaUil.  XIX,  2398 
^  (Gould +  Yarnan) 
J(Gould  +  Yarnall) 
Gould,  Zone  fatal.  XXI,  506 
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FTLAR-MICKOMETER   OBSERVATIONS   OF   COMET  Z»  1890  {Cohuia), 

MA1>K    WrriT    TlIK    12-IXCII    KCil'ATOKlAl,    III'     TIIK    I.ICK    DltSKIl VA TOI! Y, 

»v   K.    K.    liAUNAKl). 


1890  Ml.  llaiiiillMii  M.T. 


July  24 

8  67 

25 

9     7 

27 

9     7 

28 

8  4.-) 

8  58 

29 

8  33 

8  57 

30 

8  44 

S  51 

31 

8  52 

Aug.    1 

8  36 

3 

8  43 

6 

8  43 

8 

8  47 

10 

8  39 

12 

8  35 

13 

8  39 

* 

No. 
Comp. 

1 

18  ,  6 

2 

12  ,  5 

3 

10  ,  6 

4 

3 

4 

6 

5 

2 

5 

6 

() 

2 

6 

3 

7 

2 

8 

4  ,  8 

!t 

10  ,  5 

10 

6  ,  4 

11 

8  ,  5 

12 

1  ,  2 

13 

1 

14 

1 

^-* 


Ja 


./8 


^'s  a|i|)iin!nt. 


■<>; 
fur  n 


s  ;'A 


— 1 

4.61 

+ 

7 

+  3 

6.25 

+ 

4 

+  2 

24.46 

+ 

0 
■? 

+  1 

9.41 

+  2 

40.39 

+  0 

6.69 

— 0  3.98 
+  0  53.73 
+  0  48.30 
+  0  33.31 
+  0  25  ± 


56.2 


37.4 
4.9 


-12  2.8 


—  3  23.2 


46.4 

9.6 

2.6 

27.7 

2.2 

12.8 

37.3 

45.1 


9  34  14.68 

9  40  37.67 
9  52  3-1.2 


+  39 
+  39 
+  37 
+  36 


52  52.7 
1  53.6 
13.1 
27  5.2 


9.747 
9.738 
9.735 


:)  58  12.40 


10  3  36.16 


10  8  50.0 

10  18  34.9 
10  27  11.13 

10  -10  26.0.S 
10  48  8.19 
10  54  20 ± 


+  35 

'+'34' 

'+'33 
+  32 

+  31 
+  28 
+  26 
+  25 
+  23 


34  52.2 

48  24.6 
56.4 

50  27.2 

34  5.0 

51  42.1 
9.7 

35  43.0 


9.732 

9.729 

9.736 

9.733 
9.686 
9.713 
9  699 
9.697 
9.695 
9.691 


roril 


0.787 
0.777 
0.783 
0.754 

0.735 

0.751 

0.761 
0.739 
0.801 
0.747 
0.761 
0.757 
0.757 
0.754 


Mean  Places  for  1800.0  of  Comj>(in's<tii-S(((r.s. 


* 

a 

Ked.  to 
app.  place 

s 

Red.  to 
app.  place 

.\iithoiily 

1 

9  35  19.92 

— o'.63 

+  39  44  51.2 

+  5.3 

W.B.  9"  699 

2 

9  37  32.03 

—0.61 

+  38  57  40.0 

+  5.1 

W.H.  9"  762,3 

3 

9  50  10.3 

—0  55 

+  37   12.1 

+  5.1 

DM.  37°  2019 

4 

9  57     3.50 

—0.51 

+  36   29     5.0 

+  5.1 

W.H.  9"  1166,7 

i> 

10     0  56.25 

—0.48 

+  35   46  50.3 

+  5.0 

21  Leo)ns  Mill.  =  Yar.(F)  42 

;)9 

6 

10     8  43.9 

—0.45 

+  31  44.8 

+  5.0 

DM.  .34°  2103 

t 

10  16  31.77 

—0.41 

+  33  50     6.0 

+  5.0 

W.H.  10''  282 

8 

10   18  39.3 

—0.38 

+  33  0.6 

+  5.0 

DM.  33°  1982 

9 

10  26  17.78 

—0.38 

+  31   59  21.8 

+  5.0 

H.B.  32°  2045 

10 

10  39  38.18 

—0.40 

+  28  32  32.5 

+  4.8 

W.B.  IQh  767 

11 

10  47  .35.24 

—0.36 

+  26  47  35.5 

+  4.4 

AV.B.  10"927 

12 

10  53  55.0 

—0.28 

+  25  9.8 

+  4.1 

DM.  25°  2324 

13 

11     2  10.03 

—0.25 

+  23  36   16.5 

+  3.8 

W.B.  10"  1214 

14 

This  star  uot 

deutified.     I 

t  was  8m-9m,  and  fo 

llowed  the  c 

oiiiet  by  20'. 

.Vt  the  last  few  observations,  the  comet  was  seen  for  only  a  few 
minutes.  It  was  still  bright,  but  set  too  early  to  permit  accurate 
observations. 

Aft.  Hamilton,  1890  October. 


The  above  positions  are  all  that  were  obtained  liere  of  this  comet, 
except  two  observations  made  on  July  22  and  23  by  Mr.  Campbell, 
and  whicli  were  printed  in  A.J.  223. 


NEW  ASTEROIDS. 


Mr.  Berberich  of  the  Berliner  Jahrlmdi  has  found  that 
observations  made  by  Charlois,  Oct.  3,  and  Palisa,  Oct. 
11  and  22,  for  position  of  the  asteroid  no.  298,  discovered 
by  the  former,  Sept.  9,  give  an  orbit  entirely  different  from 
that  deduced  from  M.  Charlois's  observations  of  Sept.  9, 


10,  16,  —  tliese  September  observations  being  consistent 
with  each  other,  as  also  are  the  October  ones.  Since  the  two 
groups  of  observations  thus  clearly  belong  to  distinct  planets, 
he  proposes  that  the  object  observed  in  October,  and  recog- 
nized as  new  after  no.  299  bad  been  found  by  Palisa,  be 
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designated  as  no.  300.      Dr.  Krueger  gives  his  indorsement 

to  this  notation,  and  tiie  object  will  be  thus  denoted. 

Mr.  Bekueuich  publishes,  in  the  Asir.  Nachr.  3004,  tlie 
circuhir  orbits,  provisionally  deduced  by  him.  They  hold 
for  Berlin  M.T.,  and  the  mean  equinox  of  1890.0 


No.  298 
From  September  (Observations 
T  =   1890  Sept.  16. .5 
w  =  3.i3°  23'.  16 
Ji  =       8    27  .42 
i  =       4    .59  .96 
//  =  1072".  78 
log  a  =  0.34632 


No.  300 
From  October  Observations 
1890  Oct.  22.5 
330°  2.5'.60 
39    16.64 
0    51  .54 
613''.2I 
0.50827 


A  planet.  13*'.  was  discovered  Nov.  16,  by  Pai.isa,  at  Vienna,  in  tiie  position, 

Nov.  16.4413.  «  =  3"  12'"  :>0'.:),  fi  —   +10'   14'  33".  Daily  motion,  —52'  in  «.  and  3'  southward. 

This  will  be  asteroid  no.  301. 

COMET  e  1890. 

A  bright  comet  was  discovered  November  15,  by  Zona,  at  Palermo.     The  position  as  telegraphed  from  Kiel,  was 
Nov.  15.3963  Greenw.  M.T.        a  =  5"  3.5"'  54'.8,         S  =   +33°  23'.         Daily  motion,  — 5"»  32'  in  «,  and  17'  northward. 
An  observation  made  by  Bakn'ard,  Nov.  17,  was  telegraphed  from  the  Lick  Observatory: 

Nov.  17.6833  Greenw.  M.T.         «  =  5"  23"'  lO'.o.         <V  =   +33°  55'  44". 


Mr.  KrrcniK,  of  the  Science  Observer,  has  kindly  communi- 
cated tiie  following  observations  by  Mr.  Wksdeli,   at  the 

C'ambridgL'  Observatory. 


KrHKMKHlS    KUK    (iUEENWICH     MkAN    TiMK. 


Cainl).  M.T. 

Nov.  18    14   17"    6 

19  8  35     9 

20  9  46  31 


5  17  57.5 
5  12  24.4 
5     G   16.9 


+  34     7  18.5 

34  18  33.3 

+  34   29  45.4 


From  the  observations  made  at  Palermo.  Nov.  lo,  Mt. 
Hamilton,  Nov.  17,  and  Cambridge,  Nov.  18,  Rev.  G.  M. 
Seaki.e  lias  computed  the  elements  : 

T  =  1890  Aug.  9.2340  Greenw.  M.T. 
Si  =     8.5°  33'  52") 
I  =  154    34    18    ^MeauEq.  1890.0 
CO  =  332    45    13    \ 
log  q  =  0.315440 

For  til.'  middle  place,  (O— C)     J).  =  +2",  J^=  +2". 


Nov. 


Dec. 


App-  « 

App.  A 

log  A 

Br. 

24.5 

4   43.1 

-t-34 

59 

0.1650 

0.98 

28.5 

4   19.3 

35 

9 

0.1699 

.94 

30.5 

4      7.7 

35 

6 

0.1738 

.91 

2.5 

3  56.3 

35 

0 

0.1788 

.88 

4.5 

3  45.3 

34 

49 

0.1847 

.85 

6.5 

3  34.7 

34 

34 

0.1914 

.82 

8.5 

3  24.6 

34 

16 

0.1989 

.79 

10.5 

3  15.0 

33 

56 

0.2071 

.76 

12.5 

3     6.1 

33 

33 

0.2159 

.72 

14.5 

2  57.3 

33 

9 

0.2251 

.69 

16.5 

2  49.3 

32 

43 

0.2349 

.65 

18.5 

2  41.9 

32 

17 

0.2448 

.62 

20.5 

2  35.0 

31 

50 

0.2541 

.58 

22.5 

2  28.7 

31 

23 

0.2539 

.55 

24.5 

2  22.7 

30 

57 

0.2755 

.51 

26.5 

2   17.2 

+  :io 

32 

0.2872 

0.48 

THE   NOVEMIiEU   LEOXIDS,  1890, 

By  KDWIX  F.  S.\WVE1{. 
During  a  watch  of  seventy-five  minutes  on  Nov.  14,  from  1    Leonid  meteor  stream.     Of  the  seven   seen,  six  paths  were 
14''  to  15''  15"'.  in  a  perfectly  clear  sky,  only  seven  meteors      mapped  as  follows: 
were  recowled,  of  which  three  were  piobably  members  of  the  | 


Observed  Path 

T/ength 

No. 

Caml).  M.T. 

Mag. 

rroni 

K..A.      Decl. 

|{  .V.     nci-1. 

of 
I'ath 

'a       III 

0                      0 

0          10 

0 

1 

14   15 

5 

141  +  10 

139  +    5 

5 

3 

Rapid  : 

2 

14  33 

•) 

152—    2 

161  —    5 

9 

4 

Rather  s 

3 

14  42 

1 

152  +  lOi 

1.52^+     7i 

3 

4 

Rapid  ; 

4 

15     0 

■2 

166  —    8 

171  —  14 

8 

3 

Rapi.i  : 

5 

15     2 

5 

130  +     7^ 

.   135  +     71 

5 

3 

Ra|>id  : 

6 

15  10 

5 

147  +     7J 

154  +     7 

5 

3 

Rapid 

Leonid 

slow  :   }  secouii 
gioenisli  streak  :  }  seivnd  ;  Leonid 

Leonid 

from  £  Hi/drae 


View  restricteil  to 
Brighton,  .V(i.s-.s-.,  18:10  November  16. 
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COKIIECTIONS   TO   CHAUVENET'8  ASTRONOMY, 

l$v  IIKKHKUT  A.   IIOWK. 


The  following'  eriiita  liiive  lii'cii  Tioticcil  in  llic  !a.sl  (the  llflh) 
edition  of  Chauvknkt's  .V.slroiioiiij'.  The  errors  in  tlie  liust  sen- 
tence on  page  089  of  Vol.  I,  can  l)e  corrected  by  sulislituliiif;  >.',  A' 
and  fi  for  a',  n"  and  i  respectively,  anil  the  word  "  longitntles  "  for 
"  right-ascensions." 

Mr.  .Xi-nicur  S.  Flint  has  ciilled  my  attention  to  the  fact  tliat  tlie 
statement  made  in  the  llrst  three  lines  of  pa;,'e  -lo'.'  in  Vol.  II,  is 
erroneous. 


Vol..  1. 


p.  Gl,  line  .•?, 
80,  line  8, 

lOB,  line  9  from  below, 
159,  line  5  from  below, 
179,  last  line 
187,  Fig.  23, 

301,  line  7  from  below. 


read 


O.UUl.'737;U 
Mar.  5 

i+P 

0.000294211 
.".280  d  siin  1" 
1  of  lines) 


374, 
38,5, 
429, 
483, 
562, 
598, 
G07, 
610, 
614, 
615, 


linc9  from  below, 

line  5, 

Fia;.  36, 

line  2, 

line  8, 

line  10  from  below, 

line  2  from  l)elow, 

line  9  from  below, 

line  5, 

last  line, 


<ror  O.0027;!91 
""     Mar.  6 

"     f  — /' 

"     0.00029411 

"     5280  rf  sin  I' 

"     M  and  ,V(at  rifrlit-linnd  ei: 

redd  M'  and  A" 
"     zenith  distance 

read  reduction  of  the  /.enitli  liistance. 
"     A,  read     A' 

"     L"—  L  '-       L"  —  L' 

"     ./l(at  upper  end  of /4C)     read    A' 
"    cos(§— ^  read    cos(§ — E) 


mininum 

7;  — /I 
0.000087.". 

v'-j  n 
4(f'+0 


minimum 

T„+  h 
0.0000087.-. 

V;  D' 

i('',+'^,) 


University  of  Denver,  1890  Nov.  8. 


p.  621,  lines  10  to  13  from 
637,  line  7  from  l>elow, 
644,  line  3 
648,  line  13 


661,  line  '.I 

6,sl,  line 4  frc 
6!H.".,  line  7 
699,  line.",  fr 


III!  bel..\v, 
nil  below. 


below,  Jiir   ,'and  ,'' 
/or  earth's, 
"     earth, 

"    (a+r). 

tan*  i  (i 
sin  r 

••     U-'tT*)' 

"     C, 

"     —0.0677 

Vol..  II. 


read     z 
read 


+0.0677 


117 
128 
:!34 
378 

387, 
388 
414, 
423 
426. 
427, 


liiuil.-.rroni  below,  /or  98.2 
line  2  from  below,    "     N 
line  13  from  below,  "     /  :=  j 
line  6  "     longer 

line  16  '■     geocentric 

line  8 


read     98.3 
"       E 

"     y'  —  Y 

"       longest 
"      heliocentric 
fur  sini'siny —  cos  i  cony  cos(r — (y) 
read  — sin  il  siny  +  cosi5  cosy  cos(j- — ft) 
line  13  from  below,  /'))•  cos  T  read     cost, 

line  12  "     lioiir  "       declination 

line  14  •■      u'  +  I-  "        »'  +  H 

line  ;'.  ••     tan"  1'  "       taii'd,, 

line  ,">  from  below,  insert    (    at  l>egiiining  of  line. 
line  13  from  below,  insert     (318)     at  end  of  line. 

2.S  2^' 

line  7  for      .„„  read     — rv: — 

o-tan/i  o-taiiv 

lines  1  and  4  from  below,    fur    d    read    2d 
lines  2  and  3  '"      li*      "        4((« 


OBSERVATION   OF   COMET  «  1890, 

MVI.H    WITH    TIIK    1.5-INClI    KQl  A-roKI.VI,'  OF   THK   IIAItV.^Ul.   COI.I.EGK   OBSEI!V.\l  DRY, 

By  O.  C.  WENDELL,  Assistant. 
Communicated  by  Professor  Edward  C.  riCKEitiKG,  Director. 


1890  Cambridge  M.T. 

* 

No. 
Comp. 

Ja 

-* 

^'s  apparent                  !             logpA 
a          ,            S            j      f"-"     1    f""' 

Nov.  is"    9''3^2"35 

19  8  35     9 

20  9  46  31 

21  9  25  38 

22  9   14  45 

1 
2 
3 
4 
5 

5 
5 
6 
5 

— 0"'l9.'86 
—1    12.86 
—2  23.38 
—  1  32.33 
+3  30.46 

+   2     7.8 
+   9   18.0 
+  11   34.7 
+    7  41.6 
—  10  47.9 

5   17  57.55 
5   12  24.40 
5     6   16.87 
5     0  28.63 
4  54  36.29 

+  34     7   17.6 
+  34   18  33.3 
+  34  -29  45.4 
+  34  38  58.5 
+  34  47   12.8 

7(9.651      0.475 
H9.697     0.563 
?(9.608      0.400 
n9.626      0.420  i 
»i9.629      0.424 

Mean  Places  for  1890.0  of  Comparison- Stars. 

* 

a 

Red.  to 
app.  place 

S 

Red.  to 
app.  place 

Authority 

1 
2 

4 
5 

5   18  13.81 
5   13  33.63 
5     8  36.59 
5     I  57.27 
4  51     2.1L 

+3'.60 
+  3.63 
+  3.66 
+3.69 
■+3.72 

+  34     5     6.0 
+  34     9  10.9 
+  34  18     5.7 
+  34  31   11.3 
+  34  57  54.5 

+  3.8 
+  4.4 
+  5.0 
+  5.6 
+  6.2 

Weisse's  Bessel(2)  S*- 439 
5"  301 
"           5" 151-2 
4"  1375 
4"  1089 

The  observations  have  been  corrected  for  proper  motion.  Cor- 
rection for  refraction  inappreciable. 

Nov.  18.  Diameter  of  total  nebulosity  1'.  Some  central  conden- 
sation, but  nucleus  not  quite  stellar. 


Nov.  19.  Comet  well  seen.     Nucleus  rather  sharply  defined. 

Nov.  20.  Nucleus  fairly  well  defined. 

Nov.  21.  Comet  rather  faint,  but  pretty  well  defined. 

Nov.  22.  Comet  faint  in  moonlight. 
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CONTRIBUTIONS    TO    THE    KNOWLEDGE    OF    THE    INEQUALITIES    IN    THE 
rEltlODS    OF    THE    YAHIABLE    STARS, 

Hy  s.  v.  chandlkh, 
IV. 


7120.  X  Gygiii. 
Although  this  variable  has  been  under  observation  for  two 
iiundred  years,  without  serious  gaps  in  the  series  of  known 
maxima,  except  near  the  beginning  of  the  present  centurj', 
the  true  law  of  the  rather  complicated  variations  in  its 
period  is  still  far  from  our  reach.  From  the  date  of  its  dis- 
covery up  to  about  18.J0.  the  mean  value  of  the  period  was 
about  40G  days,  without  decided  tendency  to  a  progressive 
rate  of  eiiango,  but  with  large  irregular  or  periodic  vari- 
ations. Aroklandeu  made  many  attempts  to  reduce  these 
to  a  systematic  expression,  as  he  had  already  done  in  the 
case  of  «  Cell,  but  gave  over  the  attempt  after  experiment- 
ing witii  various  inequalities  of  8J,  100  and  62  periods'  dura- 
tion. Soon  afterwards  an  important  change  took  phice  in 
the  period,  and  Schonkeld  remarked  in  1872  that  had  the 
star  been  only  recently  discovered,  we  should  have  con- 
cluded with  apparent  certainty  that  the  period  is  409.8  days, 
which  re|)rcsents  well  all  the  maxima  since  1842.  In  his 
Second  Catalogue  the  latter  employed  an  approximate  uni- 
form period  of  406.5  days,  as  the  best  average  value  since 
discovery,  making  no  attempt  to  re|)resent  by  a  formula  the 
large  systematic  deviations  therefrom,  which  are  shown  in 
I  ho  column  O — C  in  the  table  below  ;  but  remarking  that  they 
indicate  a  general  lengthening  since  discovery,  coml)iued 
with  unknown  periodical  terms.  This  form  of  hypothesis  I 
have  adopted  in  the  numerical  expression  of  the  inequalities  ; 
and  the  elements 

jMax.  1763  June    3.;>)  -f  406.02  A'  -|-o!o075£;- 

Alin.    1762  Dec.  14.0)"  -(-25''.0  sin(5°J5;  +  272°) 

aie  to  be  inserted  in  the  next  edition  of  my  catalogue.  The 
representation  of  the  observed  maxima  by  this  fornuda  is 
far  from  satisfactory,  as  will  be  seen  in  the  last  column 
(O — C)  of  the  table.  We  are  manifestly  far  from  the  true 
<levelopment  of  the  irregularities.  This  solution  is  of  so 
provisional  a  character  that  it  is  not  worth  while  to  give  the 


voluminous  data  in  detail  at  present;  but  instead,  I  present 
the  following  condensed  slatemeut  of  normal  epochs  formed 
by  suitably  grouping  the  observed  maxinna  in  the  manner 
shown  in  the  first  five  columns  of  the  table.  The  column 
(O — C)  contains  the  deviations  from  llie  elements  of  Scuos- 
fei.d's  catalogue;  and  (O— C)  those  from  the  elements  with 
the  (piadratic  and  periodic  terms,  above  given. 


r.Mti. 

K.    OK    NoKMAI 

Krociis 

OK    I 

VIaxima. 

!•; 

Dates 

No. 

I 

o-c 

0— C 

—  OH  — 

61 

1687-1695 

6 

— 

64 

+  37.1 

+    9.3 

—  56"  — 

49 

1701-1709 

6 

— 

52 

+  22.4 

—13.0 

—  46"  — 

40 

1712-1719 

6 

— 

43 

+  22.0 

—18.5 

—  34"  — 

25 

1725-1735 

4 

— 

30 

+  27.0 

—  0.3 

—  23"  — 

14 

1737-1747 

3 

— 

20 

+   4.0 

+   2.9 

—     6"  — 

4 

1756-1758 

3 

_ 

5 

—34.5 

+   0.9 

-1-    18" -1- 

32 

1 783-1 799 

+ 

22 

—  8.4 

+    4.1 

-1-    47"  + 

52 

1815-1821 

+ 

49 

—  5.0 

+    5.7 

-f   53"  + 

60 

1822-1830 

+ 

56 

—27.6 

—  4.0 

+   70"  + 

77 

1841-1849 

+ 

74 

—29.2 

+    4.8 

+   79"  + 

85 

1851-1857 

+ 

82 

—28.8 

—  9.5 

+  86"  + 

92 

1859-1865 

6 

+ 

89 

—  7.2 

—  7.6 

+   93"  + 

99 

1867-1873 

7 

+ 

96 

+  41.2 

+  20.0 

+  100   +105 

1874-1880 

5 

+  103 

+  35.4 

—  2.7 

+  106   +110 

1880-1886 

5 

+  108 

+  44.3 

—   1.3 

The  epoch  of  minininin  assigned  in  the  elements  is  derived 
from  live  observed  minima  by  Sciohdt  between  1867  and 
1878. 

As  in  the  previous  articles  in  this  scries  I  give  the  next 
few  computed  maxima  and  minima. 

Maxima  Minima 

1890  June  22 

1891  Aug.    3  1891  Feb.   12 

1892  Sept.  12  1892  Mar.  25 

1893  Oct.    24  lSU3.Jan.    25 


OBSERVATIONS   OF    CO>n^]T  e  ]8iK)  (y.t>.\A\ 

\\>v.  A  I    iiiK  r.  s.   NAVAt.  iiiisKiiVAToKY  WITH  ruK  !».r.-iNcn  KgiAroiiiAi., 

Hv  rii..!-.   K.  FHISHY. 

[Commiuiic-nleil  hv  Ilic  Siipfrintfiident.] 


No. 

^- 

-* 

^•./a 

luari-nt 

log  PA 

* 

Conip. 

Ja 

jB 

a 

s 

lot  a 

for  a 

Nov.  17  11   41    11.2 

1 

15  ,  3 

+  2"29.'50 

+  4  33.0 

5  28     8.40 

+  33  55  41.7 

n9.4S0 

0.086 

18  11   26  33.9 

2 

23  ,  5 

^0  37.52 

+  8  28.8 

5  17  31.80 

+  34     7  51.4 

„o  438 

0  083  1 

11   26  33.9 

3 

23  ,  5 

—0  45.76 

+  2  42.3 

5   17  31.80 

+  34     7  52.2 

1 

20     9  47  26.8 

4 

30  ,  6 

+  0     1.07 

—6  32.7 

5     6  10.46 

+  34  29  20.2 

>(9.650 

0.309 

22  17     5  55.0 

5 

20  ,  4 

+  1   26.86 

—8  14.1 

4  52  32.77 

+  34  49  27.0 

9.708 

0.465 
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r  11  K    A  s  r  n  ( )  n  o  mica  l   .i  o  u  k  n  a  l  , 
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Midii   /'Idct'fi  fur  1S!)0.0  of  (Jomparison- Stars. 


* 

a 

5"  2o"'3O."3.0 
5    18     .O.GG 
5    18   13.i)() 
.-)     6     5. 72 
4   :.l      2.1i> 

lic.l    to 
a|i|).  |ilacc 

+  3!.=).') 
+  3.66 
+  3.66 
+  3.67 
+  3.72 

8 

+33  51'  s'.i 

+  34     4   18.7 
+  34     5     6.1 
+  34  3.0  47.7 
+  34  .■)7  34. .T 

Uc'd.  to 
H|)|).  |ilacu 

.AiUliorily 

1 

2 
3 

4 

+  3.6 
+  3.'.» 
+  3.8 
+  r).2 
+  6.6 

Houu  VI,  33'  1049 
Weisse's  Bessel  \',  436 

"              «'           439                      1 
60 
"     IV,  1089 

coNTixri-:!)  i^:i'iii':Mi-]ins  of  co:m1'] r  f/ ksihi  (//.i/./.'a'.v-/), 

I5v  liKV.  U.  M.  SE.VKLK. 

Gr.  MidiiiKlit  App.  u  App.  S 

Dec.   10         23'  10"  12'        —20^40.0 
14         23  21  26         —19  37.0 


Gi'.  Muluisilit 

App.  a 

App.  ,V 

lo-  A 

Hi-. 

Nov.  28 

•22  34     6 

—23  37. (t 

0.1  I6!t 

0.31 

Dec.     2 

46  33 

—22  40.6 

0.1 32.') 

0.28 

6 

22  i>H  3.') 

—21    11.  1 

0.1482 

0.26 

loK  A 

15  r. 

0.1637 

0.23 

0.1792 

0.21 

COMET/'  1890. 

A  faint  coiiH't  was  di.scovered  Nov.  16,  li.v  Sitiai.kk.  at  Vienna,  in  tlie  |)o.silion. 

Nov.  16.64;!,')  (ireonw.  M.T.  a  =  n''  27'"   16M).         (N  ^    +Cu>''  37'   16".  Daily  niolioi),  north  pi-ocedinj! 

No  observation  since  tiie  discovery  appears  to  have  been  made,  np  to  Nov.  26,  eithei'  in  .\nicrica  or  in  Knroi)e. 


NOTICE. 


The  Editor  has  been  ro(|iiestetl  to  uive  notice  of  a  Memorial, 
which  it  is  proposed  to  establish  in  honor  of  the  late  Father  I'krky, 
of  Stonyhurst,  En<flaucl,  by  providing  the  Observatory  at  that  place 


with  a  lo-iiich  telescope.  Those  desiring  to  contrilnite  are  invited 
to  send  their  donations  to  .Arthur  Chilton  Thomas,  Esq.,  Marlilon 
Chambers.  30  North  John  Street,  Liverpool. 


CORRIGENDUM. 


No.  228,  p.  95,  M.T.  Oct.  (>,    for 


24'"  2!»",     pill 


ADVERTISEMENT. 

A  volume  of  the  Astronomicnl  Journal  cousi.sts  of  twenty-four  numbers,  with  table  of  conteuts  and  alphabetical  index. 
The  price  of  subscription  is  $5.00,  payable  in  advance,  to  which  is  to  be  added  the  expense  of  postage,  when  the  address 
is  to  countries  not  in  tiie  international  postal  union. 

Some  copies  of  earlier  volumes  are  still  remaining,  and  all,  excepting  the  first  three,  may  be  obtained  at  the  same  price. 
Single  numbers,  when  available,  will  be  furnished  at  $0.25  each,  but  only  for  the  purpose  of  completing  seta. 

No  discount  is  made  to  booksellers  ;  but  remittances  can  be  conveniently  sent  by  postal  money-order  to  the  Editor,  at 
Cambridge,  Massachusetts.  If  made  by  checks,  it  is  requested  that  these  be  drawn  upon  some  bank  in  the  New  England 
States,  or  in  the  cities  of  New  York,  Philadelphia,  Washington  or  Chicago. 
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Director  of  the  Arseiitine  National  Observatory. 


During  the  past  five  years  our  efforts  have  been  devoted,  I 
mainlj',  to  the  extension  of  the  Soutiiern  Dureiiniusteruug, 
from  tiie  limit  to  which  it  had  been  carried  by  I'rof.  Schon- 
FF.i.D ;  or,  rather,  from  the  beginning  of  — 22°,  so  as  to 
have  that  belt  iu  common  with  Sciionfeld's  great  work,  for 
direct  comparison  of  results.  Up  to  the  present,  we  have 
made  more  than  a  million  of  observations  of  objects  situated 
in  the  belt  between  — 22°  and  — 42°,  which  have  all  been  re- 
duced to  a  common  mean  epoch  (1875.0),  and  iu  the  course 
of  a  few  months  the  final  revision  for  that  entire  region  will 
have  been  completed.  The  progress  of  the  work  has  been 
very  nuich  delayed  by  the  great  amount  of  cloudy  weather 
and  semi-transparent  atmosphere,  which  tended  to  break  up 
a  night's  work  into  isolated  patches,  of  no  practical  value 
except  as  checks,  and  has  compelled  us,  frequently,  to  tripli- 
cate, and  even  quadruplicate,  our  observations  iu  certain 
regions. 

The  telescope  employed  is  a  small  e((uatorial  by  Ai.van 
Ci.AitK  &  Sons,  of  12.5  centimeters  ai)erture,  and  168  focal 
length,  with  an  eye-piece  magnifying  15  times,  showing  stars 
to  the  lOi  magnitude  under  the  best  conditions  of  sky,  in 
dark  field.  It  is  mounted  in  the  small  dome  over  the  north 
entrance  to  the  Observatory.  Its  glass  scale  is  ruled  to  10' 
over  an  extreme  width  of  field  of  80',  permitting  the  obser- 
vation of  zones  of  only  one  degree  in  width.  No  illumina- 
tion has  ever  been  used  for  the  scale  during  the  observations, 
and  these  have  always  been  limited  to  dark  sky,  except  for  a 
few  nights,  just  after  new  moon.  Pointings  are  made  by 
means  of  circles  divided  to  30'  iu  declination,  and  2"'  iu 
right-ascension,  subdivided  by  verniers  to  1'  and  4'  respec- 
tively. The  observiug-chair  can  only  be  used  when  the 
telescope  is  inclined  at  angles  greater  than  ;W  of  zenith- 
distance  ;  and,  with  few  exceptions,  our  observations  have 
been  made  with  the  telescope  inclined  from  35°  to  45°. 

The  transits  are  recorded  electrically  upon"  a  Iliiip  chrono- 
graph, which  is  in  an  adjoining  room.  The  recorder  is  seated 
at  a  table  in  the  room  beneath  the  dome,  with  the  circuit- 
breaking  chronometer  at  his  side,  and  notes  the  scale-read- 


ings and  magnitudes  as  Ihey  are  called  out  by  the  observer, 
and  also  the  times  of  beginning  and  ending  of  zones  and  in- 
termediate rattles.  His  record  is  made  witli  a  fountain  pen 
directly  upon  the  reduction-sheets.  These  contain  columns 
for  the  chronographic  record,  scale-readings,  magnitudes, 
mean  places  and  magnitudes  for  1875.0  from  the  various 
catalogues  used  in  identifying,  aud,  finally,  our  observations 
reduced  to  1875.0.  At  intervals  of  every  15  or  20  transits, 
the  observer  calls  out  "  rattle,"  which  he  records  upon  the 
chronograph,  aud  which  the  assistant  also  indicates  upon  the 
sheets,  thus  dividing  the  observations  into  groups,  and 
guarding  against  the  continuance  of  an  error  in  either  record. 
During  the  first  years  we  employed  a''souuder"  to  enable  the 
recorder  to  hear  and  keep  in  tally  with  the  chronograph- 
taps.  For  this  purpose  the  ordinary  observing-key  was  con- 
verted into  both  a  make-circuit  and  break-circuit  aiiparatus, 
operated  by  a  single  pressure  of  the  thumb.  The  few  involun- 
tary taps  could  thus  usually  be  detected  and  indicated  by 
the  observer  himself,  but  no  benefit  was  derived  from  the 
arrangement  in  the  crowded  regions  of  the  milky  way,  where 
zones  of  1200  stars  to  the  hour  were  not  infrequent,  aud  it 
became  literally  impossible  for  either  observer  or  recorder  to 
take  account  of  the  taps,  and  the  incessant  repetition  of 
these  was  rather  confusing.  The  discordances  between  rec- 
ords have,  besides,  been  comparatively  few.  and  in  nearly  all 
cases  they  could  be  cleared  up  by  the  duplicate  zones.  The 
zone  containing  the  largest  proportional  number  of  stars  ex- 
tends from  7''  55"  10'  to  8''  4'J""  50',  and  from  30°  40'  to 
31°  20',  and  contains  1254  stiirs,  all  observed  without  a 
single  discrepancy  in  the  records.  This  is  at  the  rate  of 
1376  stars  per  hour  for  a  zone  of  40'  in  width,  or  160  stars 
per  square  degree. 

As  our  zones  never  exceed  a  degree  in  width,  there  is  no 
need  of  plus  and  minus  distinctions  for  north  and  south 
field,  aud  we  simply  call  the  scale-reading,  —  from  20  to  60, 
going  south.  The  magnitudes  are  estimated  to  quarters.  In 
the  crowded  regions  it  became  imperacive  to  shorten  the  ob- 
server's notes  to  the  utmost,  especially  for  the  more  uumer- 
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oils  classes,  and  we  adopted  the  following  method.  The 
scale-re.iding  is  always  called  first.  If  it  is  unaccompanied 
by  a  magnitude,  it  signifies  tlie  class  10,  and  is  left  in  blank 
by  the  recorder  ;  if  accompanied  liy  a  3,  it  is  so  recorded,  and 
signifies  9.7;  by  a  2,  the  2  is  recorded,  and  is  translated 
9.5  ;  by  a  1,  it  means  9.3,  by  a  9,  9.0.  For  stars  brigliter 
than  9,  tlie  whole  magnitude  is  always  given  ;  8^  signifies 
8.7;  6^  6.5.  In  tlie  beginning  we  further  distinguisiied  the 
stars  fainter  than  10  by  an  ft,  but  owing  to  tlie  additional 
strain  that  this  imposed  upon  the  recorder,  and  his  liability 
to  mistake  the  a  for  an  8,  the  custom  was  discontinued. 

The  zones  are  one  hour  long,  and  have  laps  of  10'  in  decli- 
nation, and  1'"  in  R.A.  In  the  milky  way  they  are  only  40' 
wide,  and  have  equal  laps.  The  laps  in  declination  of  the 
revision-zones  fall  in  the  middle  of  the  original  zones. 
During  the  past  year  I  have  diminisiied  the  laps  in  decli- 
nation to  5',  by  the  aid  of  a  programme  containing  the 
times,  magnitudes  and  places  upon  the  scale  of  five  or  six 
stars  in  each  hour,  selected  usually  from  among  the  fainter 
ones  given  in  the  Cordoba  Zone-Catalogue.  As  the  transits 
of  these  stars  approach  the  recorder  calls  out  the  scale 
reading  and  magnitude,  and  the  observer  has  thus  furnished 
him  a  check  upon  his  limits,  and  also  an  indication  of  the 
relative  clearness  of  the  sky  during  the  night,  or  upon  differ- 
ent nights,  and  can  adhere  more  closely  to  a  consistent  scale 
in  his  estimates  of  magnitude.  By  this  means,  also,  any 
isolated  patches  can  be  exactly  fitted  into  their  places  with- 
out loss,  and  we  can  select  possible  nights  from  among  the 
bad  ones.  As  the  estimates  for  the  Zone-Catalogue  were 
only  made  to  half-magnitudes,  it  hai)pens  that  sometimes 
they  are  in  error  l)y  that  amount,  but  these  eases  are  easily 
detected,  and  do  not  influence  our  estimates.  Down  to  the 
9th  magnitude,  the  magnitudes  as  given  in  the  Zone-Cata- 
logue, are  remarkably  close  in  my  opinion,  considering  the 
stress  under  which  they  were  made  ;  but  the  d^s  should  be 
distributed  about  equally  between  9,  9i  and  94^,  and  the  10s 
are  correct  only  in  indicating  that  the  object  is  fainter  than 
9i,  and  I  think  there  is  no  10th  magnitude  in  the  catalogues. 

A  night's  work,  in  view  of  the  press  of  official  duties 
during  the  day,  and  of  the  extent  of  our  undertaking,  has 
never  exceeded  six  hours,  and  the  observations  have  all  been 
made  in  alternate  zones  by  myself  and  Mr.  Richard  H. 
Tucker,  Jr.,  first  assistant,  except  for  six  months  of  last 
year,  when  I  observed  alone.  The  record  has  been  kept  by  Mr. 
GcsTAVcs  A.  ScHDLDT,  principally,  by  Mrs.  Thome,  and, 
wh'^n  tlie  night  was  a  six-hour  or  five-hour  one,  the  last  zone 
was  also  recorded  by  me.  The  scale  is  not  quite  distinct  for 
my  vision,  and  I  have,  in  consequence  ruled  upon  it  shorter, 
T)',  divisions  in  addition,  which  has  greatly  assisted  in  the 
ease  and  readiness  of  estimating  the  reading,  and  my  eye  is 
much  rested,  too,  by  looking  out  at  the  sky  during  rattles. 
The  transits  are  for  the  moment  of  extinction  of  light  by  the 
scale,  as  nearly  as  possible.  When  several  stars  transit  at 
the  same  moment,  one  tap  records  the  common  time,  and  an 


"  also"  accompanies  the  scale-readiugs,  and  they  arc  indi- 
cated upon  the  record  by  a  bracket,  or  simply  by  a  vertical 
line.  When  two  stars  are  too  close  to  be  observed  sepa- 
rately, the  scale-reading  and  magnitude  are  given  for  the 
brighter  one,  and  it  is  marked  "  dpi."  Nebulas  are  described 
as  fully  as  the  conditions  will  permit  —  apparent  diameter, 
appearance  and  brightness.  Our  ])laces  for  these  agree 
closely,  in  the  large  majority  of  cases,  with  those  given  by 
Dr.  Dreyek  ill  his  New  General  Catalogue,  and  we  have 
found  a  number  of  new  ones. 

The  chronographic  times  are  read  off  and  recorded  as  soon 
as  possible  after  the  observations,  usually  next  day,  and  the 
identification  of  all  the  stars  in  the  various  Cordoba  cata- 
logues is  then  made.  None  of  the  objects  whose  positions 
are  given  in  those  publications,  or  in  any  other  catalogue  of 
positions  that  I  have  yet  seen,  except  cases  of  palpable 
error,  are  missing  in  our  work.  The  differential  data  fur- 
nished by  all  are  used  in  the  deteriniuation  of  the  final  con- 
stants of  reduction  for  the  middle  of  the  zone.  They  are 
varied  for  beginning  and  end,  and  sometimes,  slightly,  with 
the  scale-reading.  The  correction  in  declination,  although 
determined  for  the  middle  of  the  zone,  is  afterward  referred 
to  the  north  limit,  so  that  it  is  always  a  quantity  additive 
directly  to  the  scale-reading.  Owing  to  the  short  duration 
of  the  zones,  and  the  fact  that  the  constants  of  reduction 
for  each  zone  are  deduced  independently  of  all  the  others, 
the  variation  in  constants  for  the  beginning  and  end,  and 
the  extreme  limits  in  declination  are  so  small  that  the  errors 
of  observation  would  not  be  essentially  increased  by  the 
assumption  of  a  constant  reduction.  The  final  places  are 
given  to  tenths  of  a  second,  and  to  tenths  of  a  minute  in 
declination.  The  arithmetical  mean  of  the  several  estimates 
of  magnitude  is  given  to  tenths,  also. 

From  the  following  table,  which  gives  a  count  by  magni- 
tudes of  all  objects  observed  at  least  twice  in  the  first  five 
degrees  (22-26)  of  0*',  it  appears  that  our  lower  limit  in- 
cludes everything  as  far  as  10.1,  and  that  our  usual  reach 
upon  a  good  night  extends  to  about  10.3.  There  are  2038 
stars  in  this  region  whose  positions  and  magnitudes  have 
been  verified,  and  there  are  600  more,  of  the  lowest  grade 
of  brightness,  with  only  one  observation,  and  which  are 
therefore  only  trustworthy  as  regards  the  magnitudes. 
These  will  not  be  further  observed. 


Count  of  DM.  .Stars,  — 22°  to — 26°,  O''. 


Brighter  than 


las. 

By  count 

Per  mil. 

By  regular 
progression 

Mag. 

7 

24 

24 

0.012 

24 

24 

70 

2 

.000 

1.5 

7.1 

4 

2 

1.7 

7.2 

4 

21 

2 

2 

10.7 

H 

7.3 

6 

3 

2.5 

7.4 

5 

2 

3 
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Mag. 

By  count 

Briglilertliau  7.;') 

4 

7.6 

3 

7.7 

7  28 

7.8 

10 

7.9 

4 

8.0 

14 

8.1 

8 

8.2 

11   62 

8.3 

17 

8.4 

12 

8.5 

32 

8.6 

17 

8.7 

26  142 

8.8 

25 

8.9 

42 

9.0 

49 

9.1 

60 

9.2 

58  348 

9.3 

96 

9.4 

85 

By  regular 
progression 


4.2 


7 

8 

4 

10 

1  •> 

8 

1  s 
14 

6 

17 

16 

20 

8 

24 

13 

29 

12 

34 

21 

40 

24 

48 

30 

57 

29 

67 

47 

80 

42 

95 

25.7 


61 


34: 


8J 


8J 


H 


Hri 


Mag. 

5liteitliau9.5 
9.6 
9.7 
9.8 
9.9 

10 


By  count 

125 

161 

197  828 

148 

197 

585  585 


Sum 
Observed  once 


Total 


2038 
600 


2638 


I'er  rail. 
62 
79 
97 
73 
.097 

0.286 
1.000 


By  regular 
progression     Mag. 

114 

136 
162 
192 

229 


833 


H 


10.0  273 

10.1  325     598 

2046 

10.2  381 

10.3  460  1389 

10.4  548 

3435 


lOi 


In  the  Introduetiou  to  the  Bonner  Sfernverzeichitisx,  Vol. 
VIII,  pages  22-26,  Prof.  Sciioskeld  has  given  the  result 
of  a  count,  for  each  four  minutes  of  right-ascension  and  each 
degree  of  declination,  of  the  stars  observed  by  him  for 
his  Durchmusteiung.  The  stars  observed  for  the  Cordoba 
DurchmusteniDg  in  the  belt  of  — 22°  have  been  counted  in 
the  same  manner,  and  in  the  table  which  follows  the  results 
obtained  by  each  have  been  placed  side  by  side  for  compari- 
son of  reach. 


Number  of  Stars  ix  — 22°  Declixatiox  as  Observed  at  Boxx  axd  at  Cordoba. 


0"  0" 

4' 

8' 

12 

■   16 

"   20 

"   24' 

28' 

32' 

36" 

40' 

44 

4^< 

.■52 

.-.B" 

GO'" 

Total 

Katia 

Sch. 

IS 

11 

14 

12 

16 

10 

14 

14 

12 

12 

7 

17 

13 

14 

15 

199 

Cord. 
I'' 
Sch. 

23 

22 

30 

20 

32 

15 

26 

27 

22 

28 

22 

22 

29 

34 

27 

379 

1.90 

11 

10 

6 

11 

10 

it 

7 

;i 

11 

11 

9 

10 

14 

14 

16 

15S 

Cord. 

27 

16 

22 

23 

24 

22 

15 

15 

20 

19 

21 

21 

26 

21 

24 

316 

2.00 

II" 

Sell. 

15 

6 

8 

11 

16 

16 

15 

10 

13 

11 

11 

17 

17 

10 

15 

191 

Cord. 

34 

21 

17 

15 

26 

23 

27 

21 

24 

25 

23 

25 

27 

17 

26 

351 

1.84 

Ill" 

Sch. 

12 

11 

10 

12 

13 

10 

13 

10 

16 

19 

15 

14 

16 

14 

15 

200 

Cord. 

30 

24 

30 

28 

17 

21 

26 

22 

27 

24 

35 

33 

31 

19 

31 

398 

1.99 

IV" 

Sch. 

18 

13 

22 

10 

12 

17 

11 

18 

18 

25 

17 

17 

19 

16 

26 

259 

Cord. 

V" 
Sch. 

35 

25 

40 

26 

39 

36 

31 

31 

32 

48 

36 

32 

41 

36 

48 

5!  6 

2.07 

24 

19 

17 

22 

17 

22 

21 

21 

19 

30 

IS 

15 

21 

18 

17 

305 

Cord. 

41 

38 

44 

49 

41 

46 

48 

41 

45 

53 

56 

47 

53 

65 

63 

730 

2.39 

VI" 

Sch. 

19 

19 

17 

25 

15 

26 

19 

28 

15 

28 

30 

30 

40 

45 

32 

388 

Cord. 

56 

71 

53 

70 

72 

64 

80 

79 

85 

85 

99 

106 

109 

no 

106 

1245 

3.21 

VII" 

Sch. 

31 

31 

35 

38 

32 

33 

32 

28 

28 

28 

29 

25 

27 

27 

26 

450 

Cord. 

108 

108 

102 

96 

97 

86 

106 

140 

144 

137 

121 

106 

120 

110 

102 

1 6S8 

3.74 

VIII" 

• 

Sch. 

23 

23 

25 

23 

24 

31  , 

22 

17 

28 

23 

25 

25 

15 

22 

21 

317 

Cord. 

103 

103 

105 

95 

94 

90 

96 

91 

96 

71 

73 

62 

83 

i>7 

49 

1  268 

3.65 

IX" 

Sch. 

16 

25 

21 

30 

21 

13 

26 

20 

21 

23 

23 

20 

26 

26 

23 

334 

Cord. 

53 

75 

75 

68 

82 

65 

73 

72 

63 

64 

74 

63 

69 

74 

61 

1031 

3.09 
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X"  v"       i" 

H- 

12' 

'   K! 

•   20 

,   24' 

•    28' 

32 

3G' 

40' 

+4' 

48' 

1    52 

,-.(!' 

60" 

Total 

liatio 

Sell.     -iS 

21 

15 

18 

11 

11 

20 

19 

19 

17 

9 

22 

12 

20 

12 

249 

Colli.     :>'.) 

57 

06 

04 

54 

5i» 

58 

48 

59 

47 

44 

42 

37 

40 

44 

775 

3.11 

XI" 

Sell.      14 

8 

;) 

17 

10 

10 

20 

14 

14 

12 

17 

10 

16 

12 

22 

211 

Conl.     4  7 

39 

41 

48 

46 

35 

46 

43 

47 

42 

27 

35 

39 

35 

33 

613 

2.90 

XII" 

Sell.      14 

14 

23 

21 

11 

14 

17 

10 

16 

15 

8 

21 

10 

6 

16 

216 

Cord.     2.^ 

28 

35 

46 

23 

30 

39 

29 

40 

36 

22 

32 

24 

2.S 

31 

468 

2.17 

XIII" 

Sell.      lit 

13 

22 

16 

17 

20 

12 

16 

9 

10 

12 

!) 

21 

11 

12 

219 

Colli.    ;!() 

.33 

35 

46 

37 

31 

35 

36 

30 

39 

38 

31 

4  2 

29 

10 

5;i2 

2.43 

XIV" 

Sell.      17 

12 

12 

19 

6 

11 

11 

11 

11 

12 

7 

12 

11 

1  1 

11 

177 

Cold.     44 

42 

20 

34 

31 

35 

34 

43 

38 

37 

37 

34 

37 

36 

44 

546 

3.09 

XV" 

Sob.      8 

13 

10 

14 

12 

11 

14 

17 

12 

14 

15 

13 

12 

;) 

17 

191 

Cord.     28 

38 

•>x 

31 

37 

33 

37 

41 

35 

35 

35 

29 

31 

35 

46 

519 

2.72 

XVI" 

Sell.      21 

17 

22 

10 

4 

5 

3 

8 

10 

17 

17 

14 

13 

1 1 

13 

191 

Cord.     43 

49 

50 

23 

12 

11 

11 

16 

35 

29 

43 

34 

51 

31 

41 

4  79 

2.51 

XVII" 

Sell.      15 

10 

14 

19 

6 

13 

16 

12 

10 

24 

13 

19 

28 

58 

32 

295 

Cold.     40 

51 

36 

47 

19 

32 

41 

41 

36 

39 

49 

58 

44 

90 

94 

723 

2.45 

XVI U" 

Sell.      30 

35 

36 

29 

27 

29 

30 

22 

18 

23 

32 

25 

20 

22 

24 

408 

Cord.     97 

89 

68 

81 

65 

54 

81 

61 

52 

56 

63 

70 

75 

57 

68 

1037 

2.48 

XIX" 

Seh.     23 

24 

28 

32 

24 

19 

27 

22 

23 

30 

22 

19 

19 

24 

17 

353 

Coid.     59 

68 

67 

65 

68 

57 

60 

50 

45 

48 

67 

64 

38 

63 

40 

859 

2.43 

XX" 

Seh.      20 

18 

15 

26 

15 

24 

23 

13 

19 

23 

15 

18 

14 

15 

14 

272 

Cord.     48 

36 

39 

54 

45 

49 

65 

51 

57 

58 

40 

38 

42 

41 

36 

699 

2.57 

XXI" 

Sell.      1 1 

15 

27 

12 

13 

15 

17 

16 

15 

12 

15 

12 

16 

13 

14 

223 

Cord.     43 

39 

40 

36 

37 

30 

42 

34 

35 

27 

41 

37 

40 

33 

20 

540 

2.42 

XXIP 

Seh.     17 

17 

18 

15 

13 

15 

14 

17 

23 

15 

8 

17 

17 

8 

18 

232 

Cord.     37 

37 

25 

27 

31 

30 

28 

32 

34 

29 

30 

34 

29 

18 

29 

450 

1.94 

XXIII" 

Sell.      18 

14 

10 

8 

16 

6 

14 

17 

9 

14 

14 

17 

15 

15 

11 

197 

Cord.     32 

24 

30 

22 

22 

21 

22 

31 

24 

25 

27 

25 

31 

20 

20 

Seh. 

Cord. 

376 
6265 
16550 

1.91 
2.64 

To  test  the  correctness  aud  general  relation  of  our  adopted 
magaitudes,  comparisons  have  been  made,  on  p.  109,  with 
Schonfeld's  SDM.  aud  the  Cordoba  Zone-Catalogues.  In 
the  comparison  with  Schonfeld,  his  determinations  aud 
the  Cordoba  ones  have  been  used  alternately  as  standards. 
The  comparisons  with  the  Zone-Catalogue  have  usually  ex- 
tended over  ten  degrees. 

Finall}',  in  the  table  on  p.  110  is  given  the  probable  error 
of  our  adopted  positions  as  deduced  from  the  differences  be- 
tween these  and  those  given  in  the  Argentine  General  Cata- 
logue, Geltzen's  Argelauder,  Cordoba  Zone-Catalogues  and 
Schonfeld's  SDM.  For  the  first  three,  the  positions  given 
have  been  accepted  as  being  without  sensible  error  in  com- 
parison with  our  determinations,  and  for  Schonfeld's  the 


reduction  was  made  upou  the  assumption  that  his  and  our 
determinations  are  effected  by  an  equal  error.  This  is  not 
quite  true,  and  our  positions  would  uudoulitedly  have  been 
much  improved  if  we,  too,  had  used  an  illuminated  reticule. 
But  as  that  implied  a  sacrifice  of  nearly  all  the  objects 
fainter  than  9^",  I  preferred  to  adhere  to  dark  field  and 
longer  reach.  It  must  be  remembered,  also,  that  the  con- 
stants of  reduction  were  determiued  from  the  brighter  stars 
at  the  moment  of  extinction,  and  that  they  are  not  quite  cor- 
rect for  the  mass  of  faint  stars,  as  these  latter  are  ex- 
tinguished or  lost,  in  the  vicinity  of  the  transit  line,  earlier 
than  the  bright  stars,  although  really  having  a  greater  right- 
ascension. 
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Comparison  of  Magnitudes  with  Schonfeld'.s  SDM. 


Mag. 

O''     Scb.  standard 
C.  standard 
No.  coinp.  vSch. 
No.  comp.  C. 

P      Sell,  standard 
C.  standard 
No.  comp.  Sell. 
No.  comp.  C. 

IIP  Sell,  standaid 
C.  standard 
No.  eoiup.  Sch. 
No.  eouip.  C. 

V     Sch.  standard 
C.  standard 
No.  comp.  Sch. 
No.  comp.  C. 

VII''  Sch.  standard 
C.  standard 
No.  comp.  Seh. 
No.  comp.  C. 

Mean  Sch.  —  C. 
0" 
I 

HI 
V 
VII 


7«.4 


7.10     7.25 
7.30     7.28 

2 

4 

7.00     '6.90 


7.20     7.00 


—0.06 
+   .10 


+  0.20 


7.62     7.56 

7.90     7.70 


7.83     7.87 
7.70     7.90 

4 

3 


7.60     7. .50 
1 

7.68     7.62 
6 


+  0.13 
+   .12 


+    .10 
+  0.06 


8».0-8».4 


8.17  8.19 
8.20     8.28 

15 

8 

8.13     8.17 
8.23     8.27 

11 

12 

8.22     8.28 
8.40     8.22 

10 

10 

8.12     8.07 
16 

8.18  8.32 
12 


—0.05 
00 
+  .06 
+  .05 
—0.14 


8.61     8.67 
8.55     8.70 

12 

14 

8.67     8.72 

8.71  8.82 
15 

23 

8.69     8.78 
8.75     8.72 

28 

24 

8.72  8.71 
32 

8.72     8.89 
35 


—0.08 
+  .03 
—  .03 
+  .01 
—0.17 


O-.O-O".* 


9''.5  -  lO* 


lOx 


9.18  9.31 
9.16     9.20 

49 
41 

9.21     9.16 

9.19  9.26 
44 

33 

9.24     9.31 
9.16     9.25 

65 

51 

9.21      9.20 
107 


9.19     9.29 
158 


—0.08 
+  .06 
—  .08 
+  .01 
—0.10 


9.65  9.64 
9.69     9.70 

68 
76 

9.66  9.58 
9.65     9.70 

39 
51 

9.65     9.72 
9.56     9.69 

62 

71 

9.63     9.55 
119 


9.66     9.61 
200 


0.00 
+  .06 
—  .10 
+  .08 
+  0.05 


10  9.85 

9.94  10 
17 
12 

10  9.80 

9.81   10 
17 


10  9.96 

9.81  10 

i  ^^ 

18 

10  9.75 

i  9.80  10 
24 
65 

10  9.78 

9.82  10 
34 
28 


+  0.05 
.00 
—  .08 
+  .03 
+  0.02 


Comparison  of  Magnitides  avith  the  Cordoba  Zone-Catalogues 


Zone  Mag. 

II"     Cord.  DM. 
No.  I'omp. 

7 

n 

74 

73 

« 

84 

84 

81 

9 

H 

94 

91 

10 

7.10 

7.21) 
12 

7.40 
21 

7.66 
15 

7.92 
41 

8.18 
23 

8.51 
67 

8.57 
44 

8.82 
95 

9.01 
21 

9.02 
22 

9.20 
3 

Ill"   Cord.  DM. 
No.  comp. 

7.09 
12 

7.25 
11 

7.43 
20 

7.78 
16 

8.05 
31 

8.23 
32 

8.49 
65 

8.66 
45 

8.86 
100 

8.91 
15 

8.85 
44 

8.83 
3 

IV    Cord.  DM. 

No.  comp. 

7.19 

10 

7.21 

".) 

7.82 
18 

7.51 
20 

7.86 
39 

8.17 
44 

8.40 
66 

8.57 
60 

8.75 
148 

8.95 
23 

9.09 
74 

- 

9.14 
7 

V"      Cord.  DM. 
No.  comp. 

7.06 
14 

'f 

7.55 
15 

7.71 
17 

7.92 
39 

8.21 
38 

8.38 
93 

8.54 
50 

8.85 
202 

8.87 
43 

9.14 
114 

9.10 
2 

9.31 

21 

VIP  Cord.  DM. 
No.  comp. 

7.21 
21 

7.07 
3 

7.66 
19 

7.71 

7 

8.05 
46 

8.07 
27 

8. .54 
121 

8.77 
28 

8.97 
227 

9.08 
22 

9.27 
171 

- 

.  9.34 
22 

Mean,  Z.C— D.M. 
II 
111 
IV 
V 
VII 

—0.10 
.09 
.19 
.06 

—0.21 

—0.04 
.00 
+    .04 
—  .09 
—0.42 

+  0.10 
+   .07 
+   .18 
—  .05 
—0.16 

+  0.09 
-.03 
+    .24 
+   .04 
+0.04 

+  0.08 
—  .05 
+   .14 
+    .08 
—0.05 

+  0.07 
+   .02 
+   .08 
+   .04 
+0.18 

—0.01 
+    .01 
+   .10 
+    .12 
—0.04 

+  0.18 
+    .09 
+   .18 
+   .21 
—0.02 

+  0.18 
+    .14 
+    .25 
+    .15 
+0.03 

+  0.24 
+    .34 
+    .30 
+    .38 
+  0.17 

+  0.48 
+   .65 
+    .41 
+   .36 
+  0.23 

+  0.65 

+  0.80' 
+  1.17 
+    .86 
+    .69 
+0.66 

no 
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Dbtkkmination    ov 

TIIK      1 

'HOllAHLE     EkHOK      OK     A 

KOiTKi)    Positions. 

Catalogue 

No. 
Comp. 

Width 

r.e.  of  Diff. 

P.e.  of  Positions 

Catalogue 

No. 
Comp. 

Width 

p.e.  of  Diff. 

1 
P.e.  of  Positions; 

0"      Sch.  DM. 

199 

1 

±0'.61 

±o'.35 

±0'.41 

±0.23 

IV  Sch.  DM. 

259 

1 

±o!60  ±o'.35  ±o!42 

±0.25 

I"      Sch.  DM. 
A.G.C. 

188 
37 

1 

10 

.67 
.34 

.45 
.17 

.45 
.34 

.22 
.17 

A.G.C. 

Oe.  Arg. 

35 
50 

10 

8 

.43        .21 
.50!       .25 

.43 

.60 

.21 

.25 

U"'    Sell.  DM. 
A.G.  C. 
Oe.  Arg. 

191 
35 
25 

1 
10 
5 

.  59 
.44 
.45 

.40 
.20 

.40 
.44 

.45 

.26 
.26 
.25 

V"      Sch.  DM. 
A.G.C. 
Oe.  Arg. 
C.Z.C. 

305 
37 
51 

134 

1 
10 

8 
10 

.56 
.45 
.43 
.40 

.33 
.23 
.24 
.22 

.39 
.45 
.43 
.40 

.23 
.23 
.24 
.22 

Ill"  Sell.  DM. 
A.G.C. 
Oe.  Arg. 

200 
42 
57 

1 
10 
8 

.62        .34 
.44        .21 

±0.44j±0.26 

.44 

.44 

±0.44 

.24 

.21 

±0.26 

VII"  Sch.  DM. 
A.G.C. 

450 
43 

1 
10 

.56 
±0.40 

.33 
±0.22 

.39          .23  ' 
±0.40    ±0.22 
±0.42  |±0.23  i 

Cordoba,  1890  October  10. 


FILAR-MICROMETEK   OBSERVATIONS   OF   COMET  e  1890    (zoxa,Nov.io), 

madk  with  tiik  12-ixch  e:5uatorial  of  the  lick  ollskiivatouy, 
By  E.  E.  BAUNAUD. 


1890  Ml.  llatniUi.i.  M.'l'.         ;(c 

No. 
('oinp. 

^—  ^                                       ^'sappan-Mt                                 log  ;)A 
la.         \         Al         \             a           !             8              ,      f""    1      "•"' 

Nov.  17     8   17   22 

18  7  10  19 

19  7  22     6 

1 
2 
3 

4  ,  6* 
18  ,  6 
16  ,  6 

— o'"  o'.58       — ll'    9^4 
—0   33.61       +   2  37.5 
+  0    11.86       +   2   10.8 

5  23  10.53 
5   17  43.68 
5   11  52.78 

+  33  55  38.8 
+  34     7  47.3 
+  34  19  32.4 

»i9.745 
n9.754 
h9.7o6 

0.566 
0.669 
0.635 

Mtmi  Places  for  1890.0 

of  Comjmrison- Stars. 

* 

1 
2 
3 

a 

Ked.  to 
app.  place 

8 

Red.  to 
app.  place 

Authority 

5  23     7.'73 
5  18  13.88 
5  11  37.48 

+  3.38 
+  3.41 
+  3.44 

+  34°    6  44.4           +3.8 
+  34     5     6.4          +3.7 
+  34  17  18.1           +3.5 

Lai.  10245 

Weisse's  Bessel.  5"  439 

Compared  with  Bonn  VI,  34°  996 

*  J«  measured  directly  with  the  micrometer. 
The  comet  is  round,  gradually  brighter  in  the  middle,  with  no 
defliiite  nucleus.     It  is  about  12". 

Stars  — Bonn  34°  996     —0"'  20'.  49  (18),       — 4'  10".4  (3) 


The  star  DM.  34°  995  was  compared  with  star  3. 

DM.  34°  995,  a  =  5"  11'"  58».31,      6  =  +34°  ?6'  57".0  (1800.0) 

DM.  34°  995,  —^3  +0'°  20'.83  (12),       +9'  38".9  (3; 


RIKG-MICROMETER  OBSERVATIONS   OF   COMET  e  1890  {zona), 

M.IDE    WITH   THE   RUrilEUFUUD    (13-INCH)    EQUATOUHL   OF   COLUMBIA   COLLEGE   OBSERVATORY, 

By  J.  K.  UEES  and  HAROLD  JACOBY. 


1890  Col.  College  M.T. 

* 

No. 
Comp. 

#- 
Ja 

-* 

^8 

^'s  apparent 
a                        8 

logpA 

for  a       1     for  (! 

Obs. 

Nov.  18     10  25  37 
18     11      7     0 
20     11   32  20 
20     11   42     4 

1 
1 
2 
2 

1 

-5 
4 
6 

— o"35.'59 
—0  44.96 
—0  19.88 
—0  22.85 

+  2  44*9 
+  3     2.4 
—4  56.4 
—5     8.1 

5"  17""  41. 72       +34°    7  o4"5  I7t9.582       0.320 
5  17  32.35       +34     8  12.0  »i9. 486      0.218 
5     5  49.49       +34  30  56.5   ?(9.331       0.094 
5     5  46.52       +34  30  44.8   h9.285       0.072 

Jac. 
Rees 
Jac. 
Rees 

Mean  Places  for  1890.0  of  Comjmrison- Stars. 


* 

a 

Red.  to 
app.  place 

d 

Red.  to 
app.  place 

.Authority 

1 

2 

6  18  13.71 
5     6     5.72 

+  3'.59 
+  3.65 

+  34     5     5.7     ;       +3.8 
+  34  35  47.9           +5.0 

Paris  6222 

Weisse's  Bessel  V,  65 

N°  230. 


T  HE     AS  T  U  O  N  O  M I C  A  L    JOUR  N  A  L 


OK  THE   EEOBSERVATION^S  OF  COMET  1889Y  (BsooKS.juiye,  i889), 

MADE   WITH   THE   3G-INCII    EQUATOKIAL   OF  THE   LICK   OBSERVATORY, 

By  E.  E.  BARNARD. 


About  six  weeks  ago,  Dr.  Beubeuich  kindly  sent  rae  an 
epheraeiis  of  Comet  1889  V  (Brooks,  Ju1_v  6,  1889),  in  hopes 
that  the  comet  miglit  still  be  observable  with  the  great  tele- 
scope on  Mt.  Hamilton.  The  ephemeris  was  computed  for 
every  other  day,  and  extended  from  Oct.  11,  1890,  to  Jan. 
7,  1891.  Since  then  I  have  searched  for  the  comet  with  the 
36-inch  at  every  favorable  opportunity,  but  up  to  Nov.  21, 
no  trace  of  it  could  be  found.  I  still  had  strong  hopes,  how- 
ever, that  the  comet  might  yet  be  seen. 

The  night  of  Nov.  21,  after  moonset,  proving  to  be  very 
fine,  I  determined  to  make  one  last  effort  to  refind  the  comet. 
I  began  a  slow  and  careful  examination  of  the  sky  near  the 
ephemeris  place,  and  after  fully  an  hour's  search,  finally 
found  a  most  excessively  faint  and  difficult  object.  It  was 
about  10"  in  diameter,  excessively  diluted,  and  no  brighter 
in  the  middle.  As  it  was  impossible  to  see  the  object 
steadily  enough  to  put  the  wires  on  it,  even  by  oblique 
vision,  I  mentally  fixed  its  position  with  reference  to  small 
stars  near  it,  and  then  bisected  the  place  where  I  could  oc- 
casionally see  it ;  this  could  be  done  quite  closely,  as  the 
observations  in  both  coordinates  were  made  direct  with  the 
micrometer  —  the  field  being  only  5'  in  diameter.  The  obser- 
vations were  referred  to  a  13"  star,  which  was  afterwards 
compared  with  a  10"  star,  and  this  in  turn  was  referred 
to  W.B.  8'' 1417.  The  following  morning  the  place  was 
again  examined,  and  the  object  was  missing.  It  was,  how- 
ever, finally  found  again   l'or2'n.f.  the  original  position. 


1800Mt.  H.iiniItoiiM.T. 


Nov.  21   16   18  48 
22  16  47  44 


la 


^-* 


i8 


— 0   1.81 
-1-0  3.49 


—  1   44.1 
— 0  12.2 


Its  place  was  again  referred  to  the  13"  star.  The  night 
of  the  23d  proved  cloudy,  and  since  then  the  moon  has  inter- 
fered. 

The  object  is  undoubtedly  the  sought  for  comet. 

The  observations  were  made  nearly  in  the  zenith,  with  a 
pure  sky  and  first-class  seeing.  Under  these  same  con- 
ditions the  comet  can  be  observed  again  when  the  moon  with- 
draws, but  unless  these  conditions  prevail  in  the  strictest 
sense,  it  is  hopeless  to  see  the  object  again.  From  its  faint- 
ness,  it  is  impossible  to  observe  its  place  closer  than  1'  or  2'. 

The  comet  is  now  the  faintest  and  most  difficult  object 
that  I  have  ever  seen  in  the  heavens,  and  from  its  present 
appearance  no  other  telescope  in  existence  can  possibly  show 
a  trace  of  it. 

The  importance  of  any  observations  of  this  remarkable 
object,  now,  eight  months  after  it  had  been  given  up  as  be- 
yond reach,  will  readily  be  understood  when  we  consider  the 
possibility  of  its  being  the  comet  of  Lexell,  the  identity 
with  which  such  observations  will  perhaps  alone  pro^e  or 
disprove. 

During  these  observations  the  comet's  distance  from  the 
earth  was  3.09  and  3.55  from  the  sun  ;  and  its  light  0.41 
that  of  the  last  observations  in  March.  It  is  increa'sing  in 
brightness  slowly,  and  the  light  will  be  0.45  ou  Jan.  7,  1891. 

Following  are  the  two  filar-micrometer  observations  of 
Nov.  21  and  22: 


^'s  apparent 


9  0  34.16 
9  0  39.49 


+  24   13   10.1 
+  24   14  41.9 


logpA 


n8.8oI   0.303 
7.954  0.294 


9  0  53.60 

*  13"— sIclO"  =  +0'"  17-.20    -1-1'  u:'.5. 

j(c  10"  — AV.B.  81'  1417  =  -1-0"'  33".77     -f-2'  i>2'.2. 


Mean  Place  for  ISOO.O  of  Coitipan'tiou-Sfar. 

Kotl.  to  55  Roil,  to 

(*■  app.  place  o  app-  place 

' \^l\  -H24''io'4.5       {ii;;^j 


Tlieso  observations  given  for  tlic  10"  star  (1890.0), 
„  =  O*"  0"'   IG'.40,         S  =.-1-24'  13'  ib'.O. 


EPHEMERIS   OF   COMET   1889  V, 

By   WILLIAM    BELLAMY. 


This  ephemeris  is  computed  from  the  elements  given  by 
Mr.  Chakles  L.  Poor  in  No.  228  of  the  ..-1../.,  and  should 
give  the  comet's  place  with  considerable  precision.  The 
theoretical  brightness  of  the  comet  is  about  three  magnitudes 
fainter  than  at  discovery  ;  so  that  it  is  probably  well  within 
reach  of  several  of  the  larger  telescopes.     As  it  is  extreme- 


ly desirable  to  determine  the  orbit  with  the  trrcatest  possible 
precision,  in  order  to  fix  the  exact  conditions  of  its  ap- 
proach to  Jupiter  in  1886,  and  its  previous  path,  any  obser- 
vations that  can  be  now  obtained  will  be  of  the  utmost 
value. 
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Gr. 

M.T. 

App.  a 

App.  S 

log  A 

logr 

Gr. 

M.T. 

App.  a 

App. 

* 

log  A 

lofir 

i«» 

U        II 

g 

Q 

>  II 

levi 

li    ni 

B 

o 

1 

tt 

Dec 

1.5 

9  0 

35.0 

+  24 

29  46 

0.47607 

0.55339 

Jan. 

7.5 

8  42 

47.3 

+  26 

24 

57 

'2.n 

0 

27.9 

31  58 

8.5 

41 

.38.9 

28 

18 

.■?.o 

0 

19.4 

34  16 

9.5 

40 

49.9 

31 

36 

0.44615 

4.0 

9  0 

9.5 

36  39 

.47227 

10.5 

40 

0.4 

34 

52 

5.5 

8  59 

58.2 

39  6 

11.5 

39 

10.4 

38 

6 

6.5 

59 

45.6 

41  -M 

12.5 

38 

19.9 

41 

17 

.44629 

0.57447 

7.5 

59 

31.6 

4  1  11 

.46863 

.55653 

13.5 

37 

29.0 

44 

25 

8.5 

59 

16.4 

46  49 

14.5 

36 

37.7 

47 

30 

9.5 

58 

59.8 

49  32 

15.5 

35 

46.1 

50  32 

.44685 

10.5 

58 

41.9 

52  20 

.46517 

:6.5 

34 

54.2 

53 

31 

11.5 

58 

22.7 

55  11 

17.5 

34 

2.1 

56 

26 

12.5 

58 

2.2 

24 

58  5 

18.5 

33 

9.9 

26 

59 

17 

.44785 

.57732 

13.5 

57 

40.5 

25 

1   3 

.46192 

.55962 

19.5 

32 

17.5 

27 

2 

4 

14.5 

57 
56 

17.4 

4  4 

7  8 

30.5 

22 

44.4 

27 

40 

.45615 

.58290 

J .  J .  «> 

53. 1 

31.5 

21 

53.8 

29 

30 

16.5 

56 

27.5 

10  15 

.45891 

Feb 

1.5 

21 

3.7 

31 

14 

17.5 

56 

0.7 

13  24 

2.5 

20 

14.0 

32 

53 

.45926 

18.5 

55 

32.7 

16  37 

3.5 

19 

24.8 

34 

26 

19.5 

55 

3.5 

19  53 

.15616 

.56267 

4.5 

18 

36.2 

35 

54 

20.5 

54 

33.1 

23  11 

5.5 

17 

48.3 

37 

17 

.46275 

.58563 

21.5 

54 

2.5 

26  31 

6.5 

17 

1.0 

38 

84 

22.5 

53 

28.6 

20  52 

.45369 

7.5 

16 

14.4 

39 

45 

Jau. 

3.5 

45 

33.5 

26 

11  18 

.44714 

8.5 

15 

28.4 

40 

51 

.46661 

4.5 

44 

48.1 

14  44 

9.5 

14 

43.2 

41 

51 

5.5 

44 

1.9 

18  9 

10.5 

13 

58.8 

42 

46 

6.5 

8  43 

15.0 

+  26 

21  34 

0.44644 

0.57158 

11.5 

8  13 

15.2 

+  27 

43 

30 

0.47083 

0.58832 

This  cpliciiieris  was  unavoidably  postponed  from  no.  229.     Its  correction  for  Nov.  22  was,  according  to  B.vrxard's  observations, 

-4».50  and +:iil".7.— O. 

COMET  e  1890  (zoxa). 

From  a  Letter  of  Rev.  GEORGE   M.    SEA  RLE. 


I  have  computed  another  orbit  of  the  comet  from  obser- 
vations at  Palermo,  Nov.  15,  using  the  Cambridge  observa- 
tion of  Nov.  19.     The  elements  are  as  follows: 
T—  1890  Ang.  12.3978  Gr.  M.T. 
SI  =    85°  40'  18" 
i=  154    42    56    ^  1890.0 
w  =  334    38      8 
log  q  =  0.320952 


The  rectangular  coordinates  for  the  equator  are : 

X  =  9.956540  r  sin(t'+339°  25'  14") 
2/  =  9.974915  rsin(f+  78  54  7) 
2  =  9.731562  rsin(w+   22      3    26) 

The  place  given    by  these   for  Dec.  6.5  differs  only  by 
— 23'  and  — 8"  from  the  epheraeris  previously  computed. 


COMET/  1890. 


A  dispatch  from  Dr.  Kkueger  announces  the  rediscovery  of  this  comet,  and  the  position, 
Dec.  4.2512  Greenw.  .M.T.     a  =  5''  15'"  20'. 0,         8  =  +37°  22'  35".  Daily  niotiou,  —56'  in  «,  and  12'  northward. 

It  is  circular,  less  than  I'  in  diameter,  not  brighter  than  11",  with  well-defined  nucleus  and  no  tail. 


CONTEN  TS. 
The  Cordoba  Durchmusterung,  by  Dr.  .John  M.  TiunrE. 

FiLAR-MlCROMETER   OBSERVATIONS   OF   COMET  f  1890  (ZoNAJ  ,    BY   PrOF.    E.    E.    BaKNARD. 
RlXG-MlCROMETER   ObSERVXTIONS   OF  COMET  6  1890,    BY   I'liOF.    J.    K.    ReES    AND    Mr.    HaROLD   JaCOBY. 

On  the  Reobservations  of  Comet  1889  V,  by  Prof.  E.  E.  Barnard. 
Ephbmeris  of  Comet  1889  V,  by  Mr.  William  Bellamy. 
Comet  e  1890,  by  Rev.  George  M.  Searle. 
Comet  /  1890. 
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ON   THE   THEORY   OF 

By  JOHX  N. 

1.  In  number  226  of  this  Journal  Piof.  G.  W.  Hill  has 
criticised  my  computation  of  the  secular  motion  of  tlie  moon's 
perigee,  which  appeared  in  no.  220  of  the  Journal.  His  criti- 
cism may  proi)erly  be  divided  into  two  parts.  In  the  first 
part  he  states  tliat  tlie  differential  equation  of  the  motion  of 
tbe  perigee  should  contain  no  instantaneous  element ;  and  in 
the  second  he  insists  that  the  eccentricity  of  tlie  earth's  orbit 
should  be  regarded  as  variable  in  the  development  of  the  dif- 
ferential equations  of  the  moon's  motion. 

2.  I  freely  admit  the  correctness  of  the  first  point  of  his 
criticism  ;  but  as  the  effect  of  this  oversight  can  only  be  de- 
termined by  means  of  a  careful  calculation,  no  further  notice 
will  be  taken  of  it  here.  As  soon  as  I  have  leisure  I  will  in- 
vestigate its  effect  on  the  secular  motion  of  the  perigee,  and 
the  result  of  the  investigation  will  then  be  given  to  astrono- 
mers. 

3.  In  regard  to  the  second  point,  I  am  unable  to  agree 
with  him,  at  least  in  so  far  as  its  calculated  effect  ou  the 
moon's  motion  is  concerned.  I  believe  this  point  was  first 
raised  by  Prof.  J.  C.  Ad.\ms  of  Cambridge,  England,  one  of  the 
theoretical  discoverers  of  the  planet  Neptune,  in  a  memoir  on 
the  secular  acceleration  of  the  moon's  motion,  which  appeared 
in  the  Philosophical  Transactions  of  the  Royal  Societi/of  Lon- 
don for  the  year  18.')3.  The  same  idea  was  afterwards  more 
fully  developed  by  Prof.  Ai>.\ms,  and  also  by  M.  Dki.auxat 
of  France.  Later  still  several  other  mathematicians  have 
given  more  or  less  extensive  developments  of  the  same  hy- 
pothesis. And  last  of  all  it  is  proper  to  mention  an  investi- 
gation of  the  same  subject  by  Prof.  (1.  W.  Hili.  in  The 
Anali/sl  for  July  1878.  All  these  investigators  arrive,  by  es- 
sentially different  methods  of  investigation,  at  identically  the 
same  result,  as  to  the  effect  on  the  moon's  motion.  Hut  in  all 
these  investigations  it  seems  to  me  that  a  most  important 
element  of  the  problem  has  been  overlooked,  namely,  the 
fact  thai  the  assumed  law  of  variation  of  the  eccentricity  is 
so  radically  different  from  the  actual  law  that  the  calculated 
effects  do  not  apply  to  the  case  in  nature.  'The  calculated 
effects  of  a  law  of  disturbance  cannot  well  be  more  correct 
than  the  law  itself,  no  matter  how  skilful  the  calculator 
may  be. 


THE  MOO^NT'S  MOTION, 

STOCKWELL. 

j  4.  We  should  hardly  regard  a  mathematical  work  as  pos- 
sessing a  high  degree  of  excellence,  if  its  calculations  wen- 
based  on  the  assumption  that  the  sine  of  an  arc  is  eitbei' 
equal  to,  or  proportional  to,  the  length  of  the  arc  itself ;  an<l 
yet  the  assumption  of  Prof.  Auams,  in  regard  to  the  law  of 
the  variation  of  the  eccentricity  of  the  earth's  orbit,  is  in  uo 
sense  more  correct.  The  theory  of  the  secular  variations  of 
the  motions  of  the  moon  and  planets  contemplates  the  con- 
sideration of  forces  whose  action  is  not  limited  to  a  period 
of  a  few  years  or  centuries,  but  to  those  which  have  the  whole 
extent  of  time  to  work  in,  thus  embracing  all  past  and  future 

'  ages.  The  supposition  of  a  uniform  variation  of  the  eccen- 
tricity of  the  earth's  orbit  therefore  differs  more  widely  from 

j  the  truth  than  would  the  assumption  of  no  variation  at  all 
when  long  periods  of  time  are  to  be  considered  in  tbe  calcu- 
lation. 

j  5.  Prof.  Adams  in  the  opening  paragraph  of  his  memoir 
very  truthfidly  says: — "  In  treating  a  great  problem  of  ap- 
proximation, such  as  that  presented  to  us  by  the  investiga- 
tion of  the  moon's  motion,  experience  shows  that  nothing  is 
more  easy  than  to  neglect,  as  insignificant,  considerations 
which  ultimately  prove  to  be  of  the  greatest  importance." 
And  yet,  notwithstanding  the  caution  inculcate<l  in  the  pre- 
ceding paragraph,  iie  seems  to  have  overlooked  a  most  im- 
portant consideration,  as  I  shall  presently  show. 

[  After  giving  the  different  equations  which  determine  the 
moon's  radius  vector  and  the  time,  in  functions  of  the  moon's 
true  longitude  as  the  independent  variable.  Prof.  Auams  says  : 
"  In  the  solution  usually  given  of  these  equations,  /i  is  ex- 
pressed by  means  of  a  constant  part  and  a  series  iuvolving 
cosines  itf  angles  composed  of  multiples  of  2f  —  2mc,  er — oi, 
and  c'mr  —  w' ;  also  t  is  expressed  by  a  part  pro|H:>rtional  to 
('  and  a  series  involving  sines  of  the  same  angles  ;  the  co- 
ellicients  of  the  periodic  terms  being  functions  of  wi.  e  and  «'. 
Now  if  e'  bo  a  constant  quantity,  this  is  the  true  form  of  the 
solution  ;  but  if  e'  be  variable,  it  is  im|K>ssible  to  satisfy  the 
differential  equations  without  adding  to  the  expression  for  ft  h 
series  of  small  supplementary  terms  depending  on  the  sineti 
of  the  angles  whose  cosines  are  already  involved  in  it.  and 
to  that  for  t.  similar  terms  depending  on  the  cosines  of  the 
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same  angles,  the  coefllcMeiits  of  tliese  new  terms  involving   I  show  that  tlie  results  obtained  hy  liini  arise  from  the  particii- 


ile' 


as  a  factor." 


lar  form  assumed  for  tlie  expression  of  the  factor  -t~, 

dl' 


It  is  not  necessary  to  enter  into  a  detailed  discussion  of  6.     The  sohition   of  the  differential  equation   which  de- 

I'rof.  Adams's  memoir  in  this  place,  as  my  only  oliject  is  to    '  teniiinos  the  radius  vector  gives  rise  to  the  following  terms, 


(>) 


wliicli  1  have  denoted  by  F;  namely, 
=  —  I  dv  ■    (1 — jt  e'-')  sin(2v — 2mv)   +  ie'sin("Ji' — 2nic — c'mr)  —  ie'sin(2i' — imv  +  r'niv)    • 


Integrating  this  einialion   liy  i)arts,  supposing  e'  to  be  varial)le.  gives,   by  neglecting   m   in  the  divisors  introduced  by 
the  integrations, 


(2) 


C                  r~  fi)?                                                                                         7H"                                                                                Wi"                                                                     I 

F  ^\F'=^  ^ —  (1 — lie'-)  cos(2(;— 2;ytf)  +  V-  —  e'cos(2f — imv — c'mv) — -?  — e'  cos(2v—2mv  -^c'lnv) 

J              L  «i                                              '■'«,'                                     ••   ((,                                              J 

.    r m-  r .   e'de '  ,      ,       . .  wr  C ,    de'        . ,       ,  m-  (' ,   de' 


+     F'=  L&  —  i  dv  —, —  cos(2v— 2»n') — 'jL  -   t  dv  -—  cos(2v — 2 
|_  ■^    «,./         dv  o,'^       dv 


mv — v'tnc)  + 


dv  -r-  cos(2« — ■2inv  +  c'mv) 
dv  J 

In  this  equation   F'  denotes  the  terms  given   by  the  ordinary  theory,  and   F"  denotes  the   new   terms  introduced  by 
Prof.  Adams. 

Eouatiou  (2)  contains  the  factor     —  ;  and  in  order  to  tind  its  value  I'rof.  Adams  assumes  that  -=—  :=  «  =  a  constant. 


dv 


(3)      And  since 


de'        de'      dt 
dv  dt   '   dv 


dt 
do 


and 


(4) 

we  shall  have 

(5) 


-]  ^  ^  1  —  -'^'-  m'-'  cos(2(; — imv)  —  y-  nve'  cos(2i' — •2mv — c'mv)  +  y  wre'  cos(2r — 2mv  +  c'vvc)  .- 
—   =  «  -  1  — -LL  m- cos(2i- — 2mv)  — -"g"  wre' cos(2f — 2mv — c'mv)  +  ^^- iiire'  cos(2r — 2m'v+c'mv)  t 


dv  ( 

This  gives  by  integration 
(6)  <;'  =  e'o  +  nv  —  -y-  m-u  sin(2?; — 2mv)  —  ^  m'e'a  sin(2r — 2mv — c'mr)  +  i-i  m'e'u  sin(2i' — 2mv+c'mv) 

e'u  being  the  constant  to  complete  the  integral. 


We  may  remark  in   this   place  that  Prof.  Hii.i.  assumes 

de'- 
that  — ^  is  a  constant  quantity,  which  is  incompatible  with 

de'-  ,de' 

the  assumi)tion  of  Prof.  Adam.*.     For  — r-  ^  2e  —-  ;      (/) 


dt 


dv' 


I  de' 

staut,  which  would  Jiive  -,-   :^  0,  and  ecjuation    (6)    would 
"         dl  '  ^    ' 

be  reduced  to  its  first  term. 

The  new  terms  found  by  Prof.  Adams  arise  from  the  terms 
of  equation  (2)  which  remain  under  the  sign  of  integration, 
and  which  I  have  denoted  by  F" .     If  we  substitute  in  it  the 

values  of  e'  and         which  are  given  by  equations   (5)  and 

(6),  we  shall  get 

ill'  m'- 

—  -gL  —  «sin(2i' — 2m  r — c'mr)  +  | —  it  sin(2y — 2mv  +  c'mv) 

(I ,  «! 

+  495  'ii!  I    (  .,g'  „,;„  _  -2^.  „y  '. 

The  fust  four  terms  of  this  equation  are  a  part  of  the  sup-      variation  of  the  solar  eccentricity  ;  and  I  shall  now  show  that 
plementary  terms  found  by  Prof .  Adams  ;   and   if  we   add      such  terms  do  not  arise  if  the  true  law  of  the  variation  be 


and  if  -;-  is  constant,  it  follows  that  e'  must  itself  be  cou- 
dt 


(8) 


F"  =  -L4    —  e'o  a  sin(2'y — 2mu)  +  f |  —  f4  sin  c'mv 


e'o"  to  the  last  term  it  will  become 


used  instead  of  the  assumed  law. 


7.     In  the  first  place  we  observe  that  the  differential  equa- 
1  g'n  tion  of   the  eccentricity  contains  no  constant  terra,  but  is 

1  composed  of  a  series  of  terms  depending  on  the  sines  of  the 

•which  is  the  same  as  found  by  Prof.  Adams.     But  we  have      angles    which  determine  the  configuration  of    the  different 
no  right  to  add  a  constant  to  the  integral  of    2e'„adv    since      bodies  of  the  system,  or  of  their  elements.     This  fact  may 


(9)        '     W^*{eV  +  2e'o«v}    = 


be  shown  either  by  developing  the  differential  equation  or 


the  term  ought  to  vanish  if     n  =  0. 

We  thus  see  how  the  terms  found  by  Prof.  Adams  arise    I  by  a  reference  to  authors  on  mathematical  astronomy  who 
from   the  development  of  his  hypothesis  iu  regard  to  the      have  treated  of  the  subject. 
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The  correct  expression  for 


DO   constant   term,    Imt    woiiUl   lie  composed  of  a  series  of 
terms  of  tlie  form 

(10)  ^-  =  «sni  ell 


de'  '  I 

-yr     vvoiild  tiierefore  contain  i   attention  to  a  sin?le  term  whose  form  will  be  the  same  if  we 

lit  I  "  . 

cliauj;e    t  to  r.    we  mav  write 


—  =  a  Bin  ^ 


(11) 


dt  '  I    in  wliicb   u  and  ^   are  very  small  constant  quantities  in  the 

ill   wliicli    a  and  p  are  constant  quantities.     Confining  our  |    secular  terms  ;  and  then  equation   (3)   will  give 


-—  z:^    «  sin  p'r  —  J^m'a  -,  sin(2r — 2wy+jiv — sin(2v — 2mv — p\')  r  j 

—  U  »»-«'« ^ sin (2t' — 2mv — c'mv+^v)  —  8in(2t; — 2mv — §v)\  f 

+  1^  m-e'rt|sin(2i> — 2mv+c'7nv+^v)  —  sin(2v — 2niv+c'mv — j3v)^       J 

Tiiis  equation  gives  by  integration,  neglecting  in  and  p'  in  the  divisors,  except  for  the  first  term, 

c'  ^  e'„  —  y  cos  (5w  +  ^  mra  1  cos(2r — 2mv+^)  —  cos(2v — 2mv — ^)  f     j 
p  (  )     ^ 

+  |4  wre'«^cos(2i; — 2mv — c'mv+fSv)  —  cos(2r — 2mv — c'mv — ^)|    [ 
—  ^J  »)re'«^cos(2v — 2mv+c'mv+^v)  —  cos(2i; — 2inv+c'm.v — /Jv)  |  J 

de' 
If  we  now  suijstitute  these  values  of    e'    and     -; —     in  the  value  of    F"    we  shall  get 

dv 

F"  =  Jg*  —  e'^u  -j  cos(2v — 27)ii' — pV)  —  eo9(2v — 2inv+§v)  > 

+  -fj —  «Jco8(2'j; — 2mi' — c'mv — 8v)  —  cos(2u — 2mi; — c'viv+^v)  | 
a, 

+  -fe  —  «  ]  cos(2'U — 2mv+c'mv — (Jv) —  cos(2t) — 2mv+c'mv+^v)  J    }- 


(12) 


(13) 


(14) 


+  § 


m*  ( 


^%—  ■,  —, r  cos(c'niv — (5i') ; — i — ,cos(c'mv  +  Sv)  ,- 

•'^  ai  (  c'm — fJ  c»n4-ff  '^  '  \ 


—  V"^  —  e'„  5^  cos  (3w 
1        P 


This  equation  contains  no  terms  depending  on  the  s-ines 
of  the  angles  given  in  equation  (1),  but  it  contains  the 
cosines  of  tiie  same  angles  increase  by  the  secular  term    p'v. 

Moreover,  if  we  add  the  quantity    ^^  —  e'„'    the  last  term 

will  reduce  to 


•^)  {w?{^^-2«'»^-^^=^?*'^ 


being  the  same  as  equation  (9).  But  as  before  stated,  no 
constant  should  be  added,  since  the  term  ought  to  disai)pear 
ill  ease     u  =  0. 


does  the  nonperiodie  term  appear  unless  we  add  a  constant 
quantity,  which  is  not  required  in  the  solution. 

8.  Hut  this  is  not  all ;  for  in  the  integration  of  differen- 
tial functions  by  parts,  it  is  necessary  that  each  of  the  two 
parts  should  be  a  function  of  the  same  independent  variable. 
Now  the  eccentricity  of  the  earth's  orbit  is  certainly  not  a 
function  of  the  moon's  longitude.  Its  secular  variation  must 
therefore  be  independent  of  the  same  quantity,  and  we  shall 

de' 
therefore  have   ,    =0,  and  consequcutlv  all  the  terms  which 

we  have  found,  depending  on  that  quantity  ought  to  be  iden- 
tically equal  to  nothing.     Of  course  this  would  not  be  true  in 


We  thus  see  that  tiio  sii[)pK'menlaiy  terms  found  by  Prof.  so  far  as  the  eccentricity  is  affected  by  the  moon  itself;  but 

A  HAMS  do  not  appear  when  the  correct  form  for  the  variation  the  effect  of  that  cause  on  the  solar  eccentricity  has  never 

of  the  eccentricity  is  employed  in  the  investigation.    Neither  I  been  considered  in  the  theories  of  the  moon's  motion. 

Cleveland,  Ohio,  IS'.X)  Dec.  3. 


LKUIT-VAKIATIONS  OF  S  PEIiSIJI  ANB  T  AlilETIS,  BETWEEN  TILE   YEARS 

1883   AND   1888. 


By    .1  U  UN     G  . 

Out  of  a  series  of  observations  of  variable  stars,  made 
with  a  ;i-inch  glass,  from  1883  until  1888,  I  have  selected 
two  stars  wiiose  elemenis  seem  to  be  so  uncertain  that  a  pre- 


H  .\  G  E  N  .     S.  .1. 

diction  of  phases  for  the  convenience  of  observers  has  been 
almost  impossible. 

The  variabilitv  of  the  stars  ,S  I'lrsn  aiul    7"  Arittis  was 
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discovered  in  1873  and  1870  respectivclv,  tjut  except  the 
observations  publislied  1))'  Prof.  .Schonkki,!)  in  tbe  Aslro- 
nomische  Nachrichteji,  Vols.  83  and  87  (1874  and  1876),  no 
others  were  recorded  until  1883  (see  Annals  of  Harvard 
College  Observatory,  vol.  18,  pp.  222,3),  when  my  own  series 
coninKMieed. 

This  latter  is  not  (piite  continuous,  as  my  observations 
were  usually  made  between  8  and  10  o'clock,  or  about  lo*" 
Greenwich  time.  (Still  the  branches  of  the  light-curves,  as 
observed  every  year,  when  plotted  on  a  strip  of  paper,  show 
the  general  course  of  variation  in  such  manner  that  no  doubt 
can  arise  as  to  the  number  of  muxinia  and  minima  during 
those  five  years.  S  Persei,  in  particular,  could  be  followed 
almost  throughout  the  whole  year ,  and  the  time  of  its  invisi- 
bility was  frequently  recorded,  a  fact  which  proved  very 
important  in  the  reductions. 

I.     .S  Pi'r.si'i.      (H.A.  =  2''  16"'). 
Tlie  following  table  gives  the  general  course  of  the  light- 
variation  of  this  star,  as  represented  Ijy  my  oliservations  : 

TAIil.K   1. 


1883 

Autumn 

Disappearance 

1884 

Spring 

Minimum 

'• 

Autumn 

Reappearance 

1885 

Spring 

Maximum 

Autumn 

Disappearance 

1886 

Summer 

Mininuiui 

" 

Autumn 

Reappearance 

1887 

Sunnner 

Maximum 

1888 

Spring 

Disappearance 

Sumvner 

Mininmm 

For  the  determination  of  period  and  epoch  the  only  avail- 
able phases  were  the  two  maxima  of  1885  and  1887,  the 
minima  being  beyond  the  reach  of  my  instrument.  The 
light-curves  were  first  drawn  separately,  and  the  epochs 
determined  in  the  usual  way  by  bisecting  the  abscissas  in- 
tercepted within  each  curve.  The  ai)proximate  results  are, 
respectively,  1885  March  15  and  1887  July  7,  witii  a  plaus- 
ible error  of  one  or  two  weeks  for  each  maximum. 

To  attain  greater  accuracy  the  branch  of  1887  was  drawn 
on  transparent  paper  and  made  to  coincide  with  that  of 
1885,  especially  in  the  points  of  steepest  ascent  and  descent, 
the  maximum  brightness  being  the  same  in  both  cases.  The 
two  points  previously  marked  as  maxima  then  appeared 
separated  by  an  interval  of  8  days.  The  middle  point  of 
this  interval  being  taken  as  the  true  maximum,  the  follow- 
ing results  were  obtained  : 

,,      .  (  1885  Marcli  11    )     ,   ,         ,        „.-,  , 

Maxnna    -^,00-   t  1     11  -    Interval  :^  8o2  days. 

( 188  <  July  11        i  •' 

Taking  this  interval  as  a  basis,  I  have  combined  the  two 
maxima  into  a  mean  light-curve.  I  shall  give  here,  for  the 
Bake  of  future  comparison,  all  the  elements  of  reduction. 


8.0 


8.6 
9.5 


a  = 

=  2" 

16 

'50' 

16 

18 

11 

15 

11 

25 

12 

54 

13 

45 

12 

41 

12 

31 

i  ( 1855) 


-f58 

27.5 

08 

12.6 

58 

6.7 

57 

54.1 

58 

9.7 

57 

51.3 

58 

1.0 

+57 

56.3 

Steps 


No.  of 
obs. 


3.2 

10 

1.1 

10 

1.0 

7 

3.4 

9 

5.7 

5 

4.7 

5 

4.0 

1 

Scale 


0.0 
3.2 
4.3 
5.3 

8.7 
14.4 
19.1 
23.1 


Mae. 


7.7 
8.1 
8.2 
8.4 
8.9 
9.6 
10.4 
(10.9) 


1  slop   =  O".!!)!). 


I  liud  it  convenient  to  put  the  arbitrary  zero  of  the  steps 
on  the  brightest  star  and  to  count  the  stei>s  in  the  order  of 
the  magnitudes,  in  order  to  compare  the  two  scales,  as  in  the 
following  table  : 

TAiii.i:  III. 


Stt-ps       Mas. 

Steps        Mag. 

0  =  7.7 

12  =     9.3 

2  =  7.9 

14  =     9.6 

4  =  8.2 

16  =     9.9 

6  =  8.5 

18  =   10.2 

8  =  8.8 

20  =  10.5 

10  =  9.1 

22  =   10.7 

In  this  table  the  DM.  magnitude,  8". 5,  has  been  chosen 
as  corresponding  to  step  6,  botii  numbers  being  the  arith- 
metical means  of  the  respective  columns  in  Table  II  (exclud- 
ing the  stars  c  and  «).  The  last  column  in  Table  II  has 
been  computed  from  Table  III. 

All  the  dates  of  the  observations  belonging  to  the  two 
maxima  of  1885  and  1887  were  then  changed  into  intervals 
before  ( — )  and  after  (-I-)  the  two  epochs,  1885  March  11 
and  1887  July  11,  respectively,  and  arranged  into  one  series 
without  distinction.  The  48  availal)le  observations  were 
combined  into  22  normal  points  and  a  smooth  curve  was 
drawn  between  them,  which  is  represented  in  the  following 
table  : 

Table  IV. 


Days 

Steps 

Mai;. 

Days. 

Steps. 

Mag. 

—  180 

13.4 

9.5 

4-    15 

1.1 

7.8 

—165 

11.5 

9.:i 

-f-   30 

1.3 

7.8 

—  150 

9.7 

9.0 

-1-  45 

1.8 

7.9 

—135 

8.0 

8.8 

+  60 

2.3 

8.0 

—  120 

6.5 

8.6 

+   75 

3.2 

8.1 

—105 

5.0 

8.3 

+   90 

4.5 

8.3 

—  90 

3.8 

8.1 

-1-105 

6.0 

8.5 

—  75 

2.8 

8.0 

+  120 

7.9 

8.8 

—  60 

2.1 

7.9 

+  135 

9.5 

9.0 

—  45 

1.8 

7.9 

+  150 

11.6 

9.3 

—  30 

1.3 

7.8 

+  165 

13.5 

9.5 

—  15 

1.1 

7.8 

+  180 

15.6 

9.8 

0 

1.0 

7.8 

+  195 

17.6 

10.1 

Maximum  brightness  =  1.0  step  =  7".8. 
This  mean  branch  representing  the  maximum  of  the  light- 
curve    is    a   very    regular   flat    line,    almost    resembling    a 
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parabola,  though  a  little  steeper  in  its  descent.     The  ob-  ' 

.servations  indeed  seem  to  indicate  an  inflection  at  each  end  I 
of  tlie  braneli,  viz.,  between  150  and   180  days  before  and 
after  inaxiiuuiii.    This,  however,  will  need  farther  confirma- 
tion. 

The  time  of  maximum  of  this  mean  curve  was  again 
determined  geometrically,  but  no  correction  for  the  epochs 
before  given  w.as  found. 


Epoch 

Mioima 

No.  of 

ObB. 

Maxima 

No.  of 

obs.    1 

14 

1883  Dec. 

25 

1884  June 

15 

1884  Nov. 

9 

1885  Apr. 

_ 

Ifi 

1 K85  Oct. 

l.J 

1886  Mar. 

15 

17 

1886  Ana. 

- 

1»<87  Jan. 

7 

18 

1887  June 

-■ 

1887  Nov. 

15 

II.      T  Arieth.      (K.A.  =  2"  43'".) 

Five  separate  branches  of  the  light-variations  of  this  star 
were  observed  on  85  evenings,  from  1883  Nov.  1,  until  1888 
March  13.  When  traced  on  a  strip  of  paper,  the  vacant 
spaces  (representing  summer  time)  could  be  supplemented 
in  such  manner  as  to  form  a  continuous  wave  line,  showing 
the  number  of  maxima  and  minima  with  great  certainty. 
The  following  is  the  general  aspect  of  the  phases  : 


The  numbers  of  the  epoch  in  the  first  culunin  have  been 
derived  from  the  discussion  below.  For  the  determination 
of  the  period  the  minima  appeared  to  be  less  adapted  than 
the  maxima,  owing  to  an  irregularity  to  be  nientiuued  below, 
aud  of  these  only  the  last  of  1H87  w.as  observed  completely. 
Yet  the  points  of  equal  brightness  in  the  ascending  and 
descending  branches  furnished  a  suflicient.  and  perhaps  the 
best  means  of  deriving  the  period,  since  the  range  of  light- 
variation  was  to  all  appearances  constant  throughout  those 
live  vears.     The  following  are  the  results : 


At  5  steps. 

ascending 

10     •' 

" 

11)     •• 

descending 

10    •• 

•' 

15     •' 

•' 

1886  Feb.  10  —  1887  Nov.  7  =     035  =  2  X  317.5  days. 
1886  Jan.  20  —  1887  Oct.  16  =     634  =  2  X  :il7.0     •'• 
1883Sept.  23  — 1887Mar.  17  =   1271   =  4  X  31  7. «     '• 
1883Sept.23  — 1888  Jan.  22  =    1582  =  5  X  316.2     " 
1883  Oct.  31  —  1888  Mar.  5  —  1587  =  5  X  317.4     " 


wiiiiht  1 


The  weight  was  supposed  to  be  proportional  to  the  multi- 
plier of  the  period,  except  for  the  steps  5  and  15,  where  it 
was  diminished  by  one  unit,  as  10  steps  represent  the  most 
rapid  change  of  light. 

From  these  numbers  we  derive  the  probable  value  of  the 
period  between  the  years  1883  and  1887,  as  represented  by 
my  observations  : 

317.27   ±   0.23  days. 

Assuming  the  epoch  18  =:  1887  Nov.  29.6  (Greenwich 
time)  for  the  last  observed  maximum,  we  find  the  following 
true  maxima  with  their  "  .Julian  days." 

Table  II. 


Epocli 

Time 

tliilinii  I).iy 

14 

1884  June    8 

2409336 

15 

1885  Aiir.  21 

09653 

16 

1886  Mar.     4 

0".);)70 

17 

1887  Jan.   16 

10288 

18 

1887  Nov. 29 

10605 

periods:  328.5  days  {A.N.  Vol.  83.  1874)  ;  324.0  {Ztceiler 
Catal.  1875)  ;  and  322.7  days  (A.N.  Vol.  87.  1876). 

The  rate  of  these  numbers,  compared  with  the  period 
317.3  about  the  year  1885,  seems  to  indicate  a  gradual 
decrease. 

A  mean  light-curve  was  then  constructed  from  the  five 
branches.     I  first  give  the  table  of  comparison-stars,  with 
their  intervals  in  steps  and  magnitudes. 
Tabi.k  III. 


Star 

DM. 

o  =  2'> 

37"'4r 
39  20 
39  16 
39  36 

39  48 

40  11 
39  23 

<>  (18ooj       Steps 

No.  of 
oh.-«. 

5 

7 

10 

2 

r> 

Scale 

Mag. 

h 
f/ 
e 
c 
d 
a 
b 

7.8 
8.7 
8.6 
8.8 
8.9 

I-'". 
9.5 

+  15  23.8      -  _ 
35.7      «- 

55.1    , 

0.0 

6.7 

8.7 

12.7 

14.7 

7.9 

8.4 
8.5 
N.9 

9.0  ; 

The   only   observations    piiblisliod    are    those    of    Prof. 
Sch6nfki,i>. 


E 

Maxima 

Julian  Day 

Maxima 

Julian  Day 

0 
1 
2 
3 

1871  Dec.    13 

1872  Nov.    8 

1873  Sept.  25 

1874  Aug.  11 

2404775 
05106 
05427 
0574  7 

1873  Mar.  11     2405229 
1S74  Jan.  28          05552 

1874  Dec.  16          05874 

1  ste|i  =;  0».07i;. 
The  zero  of  the  scale  has  been  put  on  the  brightest  star 
and  the  steps  are  counted  in  the  order  of  the  maijuihKle,  as  in 
the  case  of  .S  Femei.  to  obtain  the  following  comiiarisou  of 
the  two  scales  : 

Tahik  IV 


Professor  Schonf.ki.d    derived    the   following   successive 


Steps      .Mas. 

0  =  7.!t 

2  =  8.0 

4  =  8.2 

6  =  8.3 

8   =  8.5 

10  =  8.6 


St.ps     MiMi. 

12  ==  8.8 

14   ^  9.0 

16  =  9.1 

18  =z  9.2 

20  ^  9.4 

22  r=  9.6 
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The  st;irtiii<;  poiiiU  for  this  coinparisoii  '.ue  the  values: 
step  12  =  8". 8 
these  being  tlie  !ii-itiiiiielic:il  means  of  columns  7  and  2,  re- 
spectively, in  the  foregoing  table  HI.    Column  8  of  the  same 
liible  has  siil)se(iiienlly  been  coni|Mile(l  fiom  lliis  comparison. 

Taiii  r.  \'. 


Days 

Steps 

Ma;;. 

Days 

Steps 

Mafc. 

—210 

15.4 

9.1 

—  50 

11.5 

8.8 

—200 

16.0 

9.1 

—  40 

8.8 

8.5 

—190 

16.0 

9.1 

—  30 

6.6 

8.4 

—180 

16.0 

9.1 

—  20 

4.8 

8.2 

—170 

15.9 

9.1 

—   10 

3.9 

8.2 

—160 

15.5 

9.1 

0 

3.4 

8.1 

—150 

14.5 

9.0 

+    10 

3.9 

8.2 

—140 

i:i.0 

8.9 

+    20 

4.9 

8.2 

—130 

13.9 

9.0 

+  ;iO 

0.4 

8.3 

—120 

15.9 

9.1 

+    40 

8.2 

8.5 

—110 

17.2 

9.2 

+    50 

9.7 

8.6 

—100 

17.4 

9.2 

+   60 

11.2 

8.7 

—  90 

17.6 

9.2 

+    70 

12.6 

8.8 

—  80 

17.1 

9.2 

+    80 

13.7 

9.0 

—  70 

16.0 

9.1 

+    90 

14.4 

9.0 

—  60 

13.7 

9.0 

+  100 

15.2 

9.1 

Maximum,  8".l     ;     Minimum,  9". 2 
All  the  81  available  observations  of  the  five  sets  between 
Qeorgetoicn  College,  1890  October  10. 


September  1883  and  September  1888  having  been  combined 
into  37  normal  points,  as  described  in  the  ease  of  S  I'l'mei ; 
these  gave  the  mean  light-curve  represented  in  table  V. 

The  general  character  of  this  curve  is  that  of  a  wave  line, 
almost  symmetrical  around  the  ma.vimum,  the  ascent  being 
a  little  steeper  than  the  descent.  The  minimum,  however, 
shows  an  inflection,  not  unlike  a  8econ<lary  maximum,  which 
appeared  clearly  in  the  curves,  in  .Jaiiuaiy  and  in  October, 
1884,  and  indications  of  which  were  observed  in  1885  and 
1887.  The  existence  of  this  secondary  maximum,  which 
seems  to  fall  on  the  abscissa — 134.5,  or  about  135  days 
before  the  principal  maxinnim,  remains  to  be  confirmed  by 
further  observations.  In  any  case,  the  minima  between 
1883  and  1885  seem  to  be  less  adai)ted  to  determining  the 
period  than  the  maxima.  In  fact,  the  star  remained  below 
its  meau  brightness  (step  10.5  :=  8". 6)  for  227  days,  or 
more  than  two-thirds  of  the  whole  period. 

The  time  of  maximum  of  the  mean  light-curve  was  then 
determined,  and  the  correction,  -f  1.4  days,  found  to  the 
assumed  epocii  (1887  Nov.  29.6).  tliiis  making  tiie  principal 
epoch  : 

K    18  =  1887  Dec.  1.0     Greenwicii  lime. 

This  correction  has  been  ajiplied  in  constructing  the  jire- 
ceding  table  V. 


ON    TIIE    PRESENT    ASPECT    OF    THE    PROBLEMS    CONCERNING    LEXELL'S 

COMET, 

By     S  .     C  .     C  H  A  N  I)  L  E  li . 


Among  the  conclusions  published  a  year  ago,  the  writer 
indicated  as  the  probable  origin  of  the  observed  separation 
of  this  comet  in  1889,  the  action  of  the  satellites  upon  it,  in 
its  passage  through  the  Jovian  system  in  1886.  The  relation 
of  the  comet's  path  to  the  orbits  of  the  satellites  w.as  not 
particularly  set  forth  at  that  time,  because  it  was  thought 
that  the  attempt  to  do  so  would  force  the  interpretation  of 
the  results  beyond  what  they  would  bear.  But  the  recent 
interesting  discussion  of  Mr.  Pook  (A.  J.  No.  228)  accords 
so  strikingly  with  the  values  first  obtained,  that  we  can  now 
feel  some  confidence  in  conclusions  upon  this  subject.  Be- 
fore considering  it,  however,  it  is  appropriate  to  show  the 
degree  of  accuracy  with  which  the  orbits  employed  represent 
the  true  conditions  of  approach  to  Jupiter,  near  the  comet's 


aphelion  point.  To  do  this  we  m.ay  correct  the  elements  by 
means  of  Barnard's  recent  observations  {A.J.  No.  230). 
Com|)ared  with  Poou's  elements  these  give. 

()  —  C. 


Greenwich  M.T. 

Jrt 

JS 

1890  Nov.  21.99986 

—  4.48 

+  29.3 

22.02000 

—  4.52 

+  32.2 

which,  referred  to  the  plane  of  the  orbit,  give  —  68".  19  in 
longitude,  and  +9". 21  in  latitude.  Computing  the  differ- 
ential coefficients  in  this  system  of  coordinates,  for  this  date 
and  for  1889  Aug.  5.0  and  Nov.  25.0,  and  putting  0  in  the 
second  members  of  the  equations  for  tiie  last  two  mentioned 
dates,  we  have, 


+ 1.6132 //x' 

—  45470'   Je 

— 2.-)30.9     JT 

+   44448  Jg 

=          0 

+  1.3145 //x' 

+   42060     Je 

—2091.8     JT 

—  21897.1/7 

=r             0 

+ 1.1 088. /x' 

—  197070     ,/e 

—  593.3     JT 

—178530  Jg 

=  —68.19 

+  0.0509  Jx' 

+        294.0   /e 

—     48.98  z/r 

+    16332^9 

—0.7549. /Si' 

-0.7508  J/' 

=         0 

+  0.0350  Jx' 

+          52.8  Je 

—     37.93  jr 

—     9179  J5 

— 0.6625  7S2' 

+  0.5500.7r 

=          0 

— 0.0070  .Jx' 

—     3527.2^^6 

+      10.73  z/T 

+       473  Jq 

+  0.2084  z/S2' 

+  1.0673 /ii' 

=   +   9.21 
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the  solution  of  which  gives,  putting    /to)'  =  J)^' — eosi'  ■JSi\ 

Joi'    =  +98.44  le    =   +0.000327-2 

JQ,'  =   +   3.()(;  Iq  =   +0.0004305 

Ji'     =  +   8.92  IT=   +0.06561 

The  aceeated  symbols  :u'e  vefened  to  the  equator.  Re- 
ducing them  to  the  ecliptic,  and  appl_viug  to  Poor's  elements, 
we  have  the  corrected  elements  C",  which  will  closely  repre- 
sent all  the  observations  for  nineteen  months  since  discovery, 
covering  nearly  150°  of  anomaly,  and  must  be  exceedingly 
close  to  the  true  values.  They  are  referred  to  the  ecliptic 
and  equinox  of  1890.0. 


Period 


C" 

Sept.  30.32835 

1°  34'  49". 62 
17     58   43  .64 
6      4     17.12 
0.4706857 
3  6837239 
1.9498476 
7.0702  vrs. 


+  0.31645 
+  8'  32".32 

—  1  .66 
+  6  .62 
—0.0000183 

—  0.0009581 
—0.0003814 
—0.0028  vrs. 


+  0.0651 
+  r40".92 
—  8  .32 
+  9  .17 
+  0.0003272 
+  0.0030883 
+  0.0004305 
+  0.0089  vrs. 


In  the  column  P  are  the  corresponding  corrections  to 
Poor's  orbit,  based  on  more  than  seven  monliis'  observations, 
and  in  C  tiiose  to  my  orbit  {A.J.  No.  205),  which  embraced 
only  a  little  over  three  months.  Now,  by  the  corrected  or- 
bit, C",  the  comet  was  at  aphelion,  near  which  the  encounter 
with  Jupiter  occurred,  1886  Mar.  18.884.  Taking  its  posi- 
tion in  space  at  this  instant  as  origin  of  a  system  of  eclip- 
tical  coordinates,  the  relative  positions  assigned  by  C  and  P 
are  as  follows, 


C 

—0.000231 

—0.004398 

—0.000416 

0.001124 


P 

+  0.004495 

+  0.005028 

+  0.000603 

0.006771 


Thus  the  true  place  of  the  comet  was  probably  nearly  be- 
tween those  assigned  by  C  and  P,  and  the  differences  are  of 
such  an  order  that  we  can  feel  assured  that  the  orbits  relative 
to  Jupiter  by  both  computations  are  very  nearly  correct. 
Tlie  two  hvperbolic  orbits  about  Jupiter  are 


1886  I\Iay  20.75 

291°  52'. 6 

242    20.6 

37    55  .5 

1.05796 

—0.16929 
0.00981 


1886  July  4.4  7 
297°  40'.0 
241     28.7 
35     33  .5 
1.10566 

—0.09000 
0.0090 1 


The  agreement  is  satisfactory,  but  Poor's  are  much  nearer 
tlie    true    values,    since    they    eliminate    the    perturbations 


more  thoroughly.  Now  by  both  of  these  orbits  the  comet 
passed  the  ascending  node  of  its  orbit  ui>on  that  of  the 
fourth  satellite  just  inside  the  track  of  the  latter.  Ac- 
cording to  C  this  occurred  1.20  days  before  perijove  at 
a  distance  from  Jupiter  of  0.0113;  and  by  P,  1.25  days 
before  at  a  distance  of  0.0121.  The  satellite's  distance 
is  0.0130,  and  the  radius  of  its  sphere  of  attraction  is 
0.0002.  The  actual  diameter  of  the  comet  is  a  somewhat 
uncertain  (juautity,  but  may  be  reasonably  estimated  at  per- 
haps 0.0006.  Thus  the  outer  portion  of  the  coma  passed 
barely  inside  of  the  circle  which  represents  the  limit  between 
the  controlling  activity  of  the  planet  and  the  fourth  satellite, 
and  if  the  latter  were  at  this  part  of  its  orbit  at  the  time  of 
the  comet's  passage,  the  disturbing  action  upon  the  nearer 
and  remoter  portions  of  the  comet's  volume  would  be  enor- 
mously different.  If,  as  is  abundantly  consistent  with  the 
uncertainty  of  the  calculation,  a  portion  of  the  coma  obtruded 
itself  into  the  satellite's  attraction-sphere,  the  result  woulil 
be,  with  a  low  degree  of  cohesion,  that  this  portion  would 
be  diverted  for  a  time  into  a  hyperbola  around  the  satellite, 
and  in  emerging  from  its  control,  and  in  turn  from  that  of 
Jupiter,  would  resume  its  course  about  the  sun  as  a  separate 
body  from  the  main  comet.  We  have  very  strong  ground 
for  i)resiimption  that  this  was  what  actually  occurred,  iu  the 
fact  that  the  orbits  of  the  companion  comets  seen  in  1889, 
according  to  Brbdiciiin,  intersect  that  of  the  main  body  at 
the  point  of  longitude  where  the  encounter  with  Jupiter  oc- 
curred in  18.S6. 

Further,  the  tail  of  the  comet,  seen  in  1889  very  nuuh 
foreshortened,  but  still  from  6'  to  15'  in  apparent  length, 
would,  as  it  i)assed  through  the  plane  of  the  orbit  of  the 
fourth  satellite,  lie  almost  precisely  along  the  track  of  the 
latter  for  a  distance  equivalent  to  about  two  days'  motion,  or 
thereabouts,  of  the  satellite,  so  that  the  chance  of  its  inter- 
ception of  some  portion  of  the  tail  is  consideral)le.  No  in- 
ference can  yet  be  drawn  from  comparisons  with  the  satel- 
lites's  place,  the  position  of  the  comet  in  it«  orbit  being  un- 
certain by  several  days;  but  subsequent  investigation  will 
enable  us  to  settle  this  point  definitely,  in  all  probability. 

The  topic  here  discussed  has  an  exceedingly  important 
bearing  upon  the  identity  with  Lkxki.i.'s  comet.  Some  doubt 
has  been  expressed  by  Soiiii.iioF  in  respect  there'.o.  on  the 
ground  that  Tisseranp's  criterion  gives  .somewhat  discordant 
values  for  the  two  comets.  Hut  not  only  is  this  criterion  in- 
applicable in  ease  of  important  pertmbalions  by  !<itturii  be- 
tween 1779  and  1886  —  and  such  perturbations,  I  may  iiioi- 
dentally  remark,  did  probably  occur  either  about  1799  or 
1827  —  but  also  in  the  case  of  any  disturbance  by  the  fourth 
satellite,  the  great  probability  of  which  has,  I  think,  just 
been  shown.  The  elegant  and  curious  relation  of  Tisskkand 
depends  essentially  upon  etiuality  of  the  velocities  with 
which  the  comet  entered  into  and  enuTged  from  the  planet's 
attraction-sphere.  Hut  this  equality  niay  easily  be  disturbed 
bv  the  action  of  a  satellite  durins  the  transit,  suftlcicntlv  to 
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account  for  the  observed  tliscordiiiice  in  (incstion,  iiUliougli 
not  enough  to  destroy  tlie  general  similarity  of  tiie  orbits 
about  the  sun,  of  Lkxki.i,  and  18S!)  V,  after  ITT'.i  and  liefore 
1886,  respectively. 

Another  remark  on  this  question  of  identity  is  essential. 
In  my  article  of  a  year  ago,  the  perturbation  of  Jupitci-  was 
shown  to  have  changed  the  period  from  27.0  years  to  its 
present  one.  The  v.-ilue  just  obtained  by  Mi-.  Poois  is  28.18 
years,  which  apparently  destroys  the  line  coincidence  bj* 
which  the  lirst  result  carried  liack  the  comet  to  Juinter  in 
1779,  making  the  date  of  appulse  1775  instead.  But  it  will 
be  seen  that  the  i)eriod  at  the  time  of  entry  into  the  attrac- 
tion-sphere was  29.7:3  years,  and   had  been  diminished  more 

Cambrieh/e,  18i)0  Dec.  8. 


than  a  year  and  a  iialf  simply  by  the  perturbations  during 
the  previous  fifty  days.  Hut  even  at  the  l)eginiiing  of  this 
interval  the  comet  was  at  a  very  moderate  distance  from 
Jiqiiter,  which  had  been  very  slowly  approaching  it  for  a 
long  time  —  the  distance  being  only  0.0,  for  instance,  six 
months  previous  —  during  which  time  the  period  was  length- 
ening probably  very  considerably.  I  would  suggest  that  if 
Mr.  Poor  carries  the  perturbations  back  about  a  year  from 
where  he  left  them,  he  will  probably  find  a  period  not  far 
fi'oni  what  1  gave,  and  confirm  the  relation  of  four  periods 
of  the  comet  to  nine  of  ./ujiilcr,  and  their  consequent  con- 
junction ill  1  77'.i. 


COMETS  e  1890  {/.oxa,  \„v.  lo)  AND  f  18f)0 


Sl'ITM.Ell,  .W.y.  16). 


The  telegram  aiiiiouiiciiig  the  iliscovery  of  Zona's  comet 
was  not  received  at  the  Lick  Observatory  until  the  forenoon 
of  Nov.  17.  The  following  is  the  only  observation  of  this 
comet  which  it  has  been  possible  to  obtain  since  the  moon 
withdrew  —  our  bad  weather  having  set  in  the  following  day. 
At  this  observation  I  could  hardly  believe  the  object  was  the 
same  that  I  had  observed  on  Nov.  17,  18  and  19.  Then  it 
was  about  12",  round,  gradually  brighter  in  the  middle,  with 
no  trace  of  a  nucleus.  On  Nov.  30,  it  was  smaller,  brighter, 
aud  had  a  perfectly  stellar  nucleus  of  11  A".  So  much  did 
the  nucleus  resemble  a  star  that  I  waited  some  time  befprc 
beginning  observations  for  the  comet  to  pass  from  over  it. 


I5y  K.  E.  B.\UX.u;I). 

When  the  moon  rose  scarcely  any  nebulosity  could  be  seen 
about  the  nucleus,  and  it  would  then  never  have  been  taken 
for  a  comet.  A  comparison  with  Mr.  Cami'hki.l's  ephemeris, 
however,  showed  that  it  must  be  the  same  object  previously 
observed.  The  change  was  singularly  remarkable,  consider- 
ing the  comet  was  so  far  past  [)erilieliou. 

No  announcement,  telegraphic  or  otherwise,  was  received 
here  at  all  of  the  discovery  of  a  comet*  by  Si'italer  on  Nov. 
16,  until  the  arrival  of  the  Science  Observer  Circular,  which 
was  not  received  until  Dec.  2,  so  that  no  opportunity  has 
occurred  to  search  for  it,  as  the  storm  continues. 


*  Except,  indeed,  a  vague  reference  to  one  other  toiiiel  somewhere  near  Zf)NA's,  in  a  letter  from  Swirr.  received  at  the  time  of  full 
moon. 

JlfC.  Ilamiltoii.  1890  Dec.  4. 


IMr.  Bai£\aki>  has  communicated  a  full  observation  of  Comet  e,  giving  the  position. 


Mt.  Hamilton  M.T.  « 

1890  Nov.  30     8''  53'"  50'  4''  6'"  :'>'J\2 

The  details  are  postponed  until  the  next  iiumlier,  in  order 
to  leave  room  for  his  observation  of  Comet /j  which  has  been 
transmitted  by  telegraph,  but  did  not  reach  the  Kditor  until 

1890  Dec.  G.7797  Greenwich  M.T.  a 

A  hasty  computation  indicates  that  the  comet  is  a|)proach- 
iug  the  earth,  and  that  its  perihelion,  which  is  at  about  90° 
longitude,  will  be  passed  not  far  from  the  close  of  the  year  ; 
the  lousfitude  of  the  node  being  about  60°,  the  inclination 


log;)  A  d 

)i9.539  -1-35°   7'  28".0 

this   present   luimber   of  the  Journ 
press.     This  is  : 


log  pX 
0.076 

[(/  had  been  sent  to  the 


=  5"  13"'  10^ 


-1-37°  48'  55". 


nearly  30°,  and  the  perihelion  distance  very  large,  nearly  3.0. 
The  inequality  of  the  intervals  and  the  great  distance  of 
the  comet  make  it  impracticable  to  furnish  a  trustworthy 
ephemeris  within  the  short  time  available. 


CON  T  E  N  '1"  S  . 

On  the  Theouy  of  the  Moon's  Motion,  by  Pkof.  John  N.  Stockwbll. 

Light- Variations  of  6' Peksei  and  TArietis,  between  the  Years  1883  and  1888,  by  Rev.  John  G.  Hagen. 
On  the  Present  Aspect  of  the  Problems  Concerning  Lexell's  Comet,  by  Mr.  S.  C.  Chandler. 
Comets  e  and  / 1890,  by  Prof.  E.  E.  Barnard. 
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LAPLACE'S  SOLITTTO:^^  OF  THE  ril).\L  EQUATION'S. 

liv  Wir>LIAM   FKKKKI,. 

Ill  this  paper,  siipplemeutary  to  that  uiiiler  the  same  head-  I  but  is  more  simple  jiml  conveiiieiit  iu  deilueiiiji  :ui\  loetlicient 

iiig  in  Vol.  IX,  no.  6  of  the  Astronomical  Jounud,  it  is  i)ro-  ;  K^  fioin  the  last  two  preceding.     Tlie  one  is  reducible  to  thn 

posed  to  explain  more  fullj' a  certain  i)oint  in  the  latter  which  [  other  by  putting     n   =  2i  +  4.      The  general  law  of  (5) 

did  not  api)ear  clear  to  a  correspondent  some  time  since,  by  ,  docs  not  hold  until  after  A'^,  but  7i',  and  K^  being  obtained 

presenting  the  matter  more  in  detail,  and  also  to  clear  up  i  from  the  direct   equation    of    the  coellicients  of     r*  and  >', 

some  doubts  held  by  some  with  regard  to  the  convergeucy  of  then,  by  means  of  these,  A'^  is  obtained,  either  directly  from 


the  series  in  the  tidal  expression. 

In  Dakwin  (34),  we  have  the  foll<iwin;i  diffeieiitial  ecjiia- 
lioii  to  be  satisfied,  which  is  equivalent  to  thai  of  Lai'L.\ce: 


(  I  )         ,■■-■(  1 


„     d-u  (la 


(8- 


-(!')•')  ('  +  ^E/'  =  0 


dv-        '   d 
in  which  u  is  the  difference  between  the  real  amplitude  of  the 
tide  and  that  given  by  the  equilibrium  theory,     v 


sin  H    is 
the  sine  of  the  geographical  polar  distance  i>,  Er  is  the  am- 
plitude of  the  equilibrium  tide,  and 
1m- 

in  which     u-fij  =   g-^,,  and  I  is  the  tk'i)th  of  the  ocean,  siii)- 
posed  to  be  uniform,  in  terms  of  the  earth's  radius. 

Putting 

(I!)  u   =    A'.)'-'   +   /l',)''   +   A',;)''' A'„r" 

iu  which  n  is  any  even   luimber,  corresponding  witli   the  ex- 
pDUi'ut,  and  substituting  this  value  of   ii  and  its  derivatives 
ill   ( 1 )   above,  we  get. 
powers  of   ;■  to  0, 

A',  —  0.      1-2A',  —  \->K^  —  0.      16A;  +  ji7s  =  0,  &c.. 
and  generally,  after  A',.,, 
(„(„_2)_8)7r„  —  ((„_2)(,i— 3)— 2)7vV.,  -I-  p'/C-,  =  0 

I'loiii  these  ecpiatious  we  get  the  following  expressions  of 
A'„  ; 

a;  =  0 
A'^   =  a; 

(I)         K,  =  ^K,-^^E 

:iMd  generally,  after  A'o, 


the  equation  of  the  coeflicieuts,  or  from  the  general  expres- 
sion of  {.')),  and  this  law  can  be  extended  forward,  but  not 
backward.  For  instance,  A'r,  is  not  obtainable  from  A',  and 
Iu.  As  is  usual  in  such  cases,  the  general  law  is  not  ob- 
tained until  after  several  equations  of  the  coellicients.  This 
law  determines  nothing,  but  is  itself  determined  by  the  equa- 
tions of  the  coellicients,  and  when  the  values  of  K,  are  given 
directly  in  this  way,  and  not  by  the  geiu.n-al  law.  the  former 
must  be  taken,  and  the  general  law,  which  is  a  relation  found 
between  the  coellicients  after  K^  oidy.  cannot  be  extended 
back. 

Putting  /(   for  the  an)[)litude  of  the   real    tide,    we    have, 
from  what  has  been  stated  above, 
h  =   Er  +  n  —  El-  +  h\i*  +  A"„i" +  A'.,.'     (6) 

l.AiM.ACK  extended  the  relation  above,  found  to  exist  be- 
tween the  coellicients  of  r  in  (3),  and  after  A'^  only,  back 
so  as  to  make  it,  iiy  means  of  the  continued  fraction,  de- 
equating  the  coellicients  of  like  termine  the  value  of  A',  and  so  the  relation  between  Ei'  and 
'  i(.  This  makes  A',  a  determinate  quantity,  whereas  the 
eijuation  of  the  coellicients  of  r*  gives  K,  ;=  K„  an  iinle- 
terminate  cpiantity.  It  is  evident  that  any  value  of  A",  satis- 
fies the  differential  equation,  and  so,  with  the  other  coef- 
licieuts depending  iqion  it,  is  a  solution  of  the  tidal  oquatiou. 

The  extension  of  the  general  relation  of  (.'i)  back  so  as  t«> 
MKiUe  it  determine  A',,  and  tlu'  relation  between  A'r  and  ri  in 
((i).  was  regarded  by  the  writer  in  his  previous  paper  as  an 
extension  of  the  law  back  where  it  is  not  applicable,  and 
this  is  what  was  not  clearly  tuiderstood  by  his  correspondent. 

From  (4)  it  is  seen  that  the  tidal  expression  consists  of 
two  parts,  one  of  which  depends  upon  K^,  and  is  independ- 
ent of  the  tidal  forces  containe<l  in  E,  and  the  latter  de- 
pends upon  these  forces.  It  is  evident  that  the  former  cau 
e.Kisl  without  the  latter.  Also  that,  In-ing  independent  of 
the  forces,  and  dependent  simply  upon  certain  initial  motiou8 
which  the  sea  nniv  be  -.upposetl  l(>  have  intlependeni   of  the 


This  general  expression  is  equivalent  to    Laci.ack'--  :iiid 
Hmiwin's  l.Mw  as  given  iu  my  preceding  paper,  eqiialion  (  ..M. 
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forces,  it  must  vanish  when  tiiere  is  friction,  and  so  K,  uumt 
he  put  equal  to  0  in  the  real  case  of  nature. 

We  come  now  to  the  second  i)art  of  what  we  liave  pro- 
posed to  consider  here,  nunielj',  tlie  converfjency  of  tlie 
series  in  the  expression  of  m  in  (3).  Inasmuch  as  the  vnn- 
isliing  ratio  between  consecutive  vaUics  of  K„  is  unity,  as 
is  readily  seen  from  an  inspection  of  (5),  it  has  heen  said 
that  the  device  of  LAPr.ACK  in  the  use  of  the  continued  frac- 
tion was  necessary  to  make  the  expression  of  n  convergent 
at  the  equator  whore  r  z=  1,  so  as  to  give  a  finite  value  of 
)/.  It  Ls  true  that  the  exi)ression  at  first  is  more  convergent 
with  :i  largo  value  of  K,.  such  as  is  given  by  the  continued 
fraction,  l)ut  still  the  vanishing  ratio  in  any  case  is  unity. 
But  it  can  be  shown  that  the  expression  gives  a  finite  value 
of  u  even  when  we  put     A',  =  0. 

We  get  by  develojjment.  (7) 

(l-r-)'^^'=  1  —  1,^—y—^L./'  ....  —A „,■•'=  1  +2:; A,,,;, 
in  which  the  relation  between  each  coeflicieut  A„  and  the 
preceding  one.  <'onimencing  with  — i,  is 


(8) 

Hence  wo  liavo. 
(9) 


-l„  = 


-f.. 


when     )■  =   1 
^^A„  —  —1 

:!•::,+,  J,.  =  -(i+2rA) 

xpoiient  of  any   assumed   tcim    in    tin- 


(10) 

in   which  ii'  is  the 

series. 

The  expression  of  (5)  above  ni;iy  l)e  put  into  the  form 
6  p' 


(11)  K.= 


S,.--'+ 


K.._, 


(II') 


A,,F.,. 


F„.  =     1  + 


(n'+-2)(w'— 3) 
And  putting    ».'  +  2    for 


(jl'  +  ->)(7('— 4)()!'— 3) 

!«'    in  (12)  we  get 


J  a;._. 


A„.,,F,..^, 


This  becomes  l)y  substituting  for     A'„,^., /,1„,_^., 
derived  from  the  preceding  expression,  becomes, 

A',.+4  =  3^'  A,.+.F,..^,F„.^, 
In  like  manner  we  get  oeuerallv 


its  value 


(1-1) 


A',„^,  =  ^-A'+^F^ 


.-.  F„, 


F.,^> 


in  which  the  values  of  the  factors  i^„,+2,  F„,^,,  F,,,^^  are 
given  by  (13)  by  adding  2,  4,  and  i  respectively  to  n'  in 
that  expression. 

Now,  all  these  factors  are  finite,  and  hence,  putting  now 
X'„  for  its  equivalent,    A",,, .,     and    A„  for  A,,.^,,    we  have 


»i(u  +  2)     ""-       („-|-2)(»— 4) 
Krom  this,  l)y  means  of  (8),  we  get  for  any  coefficient  of 

wliicli  the  ciiaraeteristic  is  n'. 

--'„■-. 

in  which,      (13) 

6  n'^ 


—  ',,_^.,  A'„  =r  a  finite  ipiantity 
since  by  (10) 

—  '.■+j'U,  =  a  finite  (piantity. 

Krom    (  l."i)  ;u)d  (14)  it  is  seen  that  any  coetliricnt ,  take 
without  re<;ard  to  signs, 

A'„ 


when 


,^6(«'  +  '-4)  K..^., 


(1.-.) 


(i«-.) 


since  when  this  condition  is  satisfied  all  the  factors  F„.^... 
F„,j^i,  ....  7'',,.+,  are  less  than  unity.  Therefore,  we  lia\i', 
putting    n  for  // + /.  (17) 

2-,r-+.  A-„  <  2:,+,  ^  .1,,,  or.  by  (  10) .  <  —  ^(\+2.:r  ,1„  \ 
when  |i'>r)  (IS) 

since   this  is  what  (16)  becomes  when   /  is  infinitely  great. 
This  is  simply  the  limiting  condition  in  all  cases,  and  the 
first  number  of  (17)   is  generally  less  than  the  second  when 
p'  is  considerably  less  than  0. 
We  have  from  (3) 

n  =  2.;  a:  =   /',.,  +  Q,,  (1!)) 


r,,  =  2r  A 


X..a;<-J;'(i  + 


(20) 


this 


With  the  vahies  of    F,,  and  Q„,    (19)  gives  u, 
(II)  gives  /(.  the  amplitude  of  the  tide. 

Laci.aci-:  computed  the  values  of  2//,  that  is.  the  range 
of  the  tides  at  the  equator,  at  the  times  of  con.juiiclion  of 
the  moon  and  sun,  for  the  several  values  of  p'  equal  40.  10. 
and  5,  to  which,  by  (2),  correspond  the  several  values  of  /. 
the  dei)th  of  the  ocean,  equal  to  j^jy,  yaVy  '^"^'  icVr  of 
the  earth's  radius,  or  approximately  1.4,  .')..">  and  11  miles 
respectively. 

Taking  as  an  example  the  case  in  wliii,-h  .1  =  10,  we 
get  from  (4)  and  (5)  by  putting  A\  =  (i.  the  following 
values  of  A',  in  terms  of  E  in  the  last  column  of  the  fol- 
lowing table,  and  from  (7)  and  (S)  the  correspondinu  values 
of  A,,   in  the  second  column. 


n 

4. 

/•'. 

2 

— O.oOOOO 

4 

1 2o00 

6 

62;-)0 

—0.62.50 

8 

3906 

4373 

10 

2734 

2413 

12 

20.i  1 

1 505 

14 

ii;ii 

1072 

1C> 

130!l 

iS23 

18 

1091 

661 

20 

927 

.■)4.S 

40 

322 

172 

60 

174 

91 

N"  232. 
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Putting  n'  equal  20,  40,  60,  we  get  tbe  following  corre- 
sponding values  from  this  table  when  coniiilete  for  all  the 
values  of  ii   from  2  to  60, 


^4.,,,  —  — .OO'Ji'T 

1   +  2j"^„  = 

.17621 

A^,  =  —.00322 

1  +  2-r  A„  — 

.12536 

Aa,  =  —.00174 

1  +  2-f  A„   = 

.10251 

K.JO  =  —.0548 
K,o  =  —.0172 

K„,  =  — .oo'Ji 


From  the  values  of  A"„  we  likewise  get 

K.,JA.j,  =■  5.yi  P._^  =  —1.7647 

^«M«  =  n-lS  Ai  =  —2.0488 

jr,„/^„  =  5.23  7',,,  =  —2.1687 

AVe  therefore  get   from  (l!i)  and  (20)  with  the  precedini 
data, 

M<—  1.7647  —  5.91  X  .17621  or<  —  2.8061 
H<—  2.0488  —  5.18  X  .12536  or  <  —  2.7157 
u  <  —  2.1687  —  5.23  X  .10254  or  <  —  2.6870 

and  so  on,  according  as  we  take  n'  =1  20,  40,  60,  or  still 
greater  values.  It  is  seen  that  the  first  value,  in  which  we 
gel  the  value  of  I'„,  from  summing  the  actual  values  of  K„ 
from  /(  :^  6  to  /(  =  u',  and  then  get  the  sum  of  the  re- 
maining infinite  number  of  terms  a|)proxiniatel\-  from  the 
last  of  (20),  differs  but  little  from  the  last  value,  in  whirh 
the  value  of  /-"„.  was  obtained  from  sumn)ing  the  actual 
values  of  E„  u\)  to  n'  =:  60,  and  then  obtaining  the  sum  of 
the  remaining  terms  from  the  last  of  (20).  It  is  evident 
that  the  real  value  of  '(  must  be  only  a  very  little  less  nega- 
tively then  — 2.6870.  The  several  values  of  n  differ  the 
Mdrtinabiirg,  W.  Va.,  December  3,  1890. 


less,  the  more  nearly  the  coadition  of  (16)  is  satisfied, 
which,  when  the  value  of  n'  is  large,  is  very  nearly  that  of 
(18).  In  our  example  (i  —  10,  and  so  is  too  large  to  give 
equal  values  in  the  several  cases  of  n'  :=  20,  40,  or  60. 
With  j-J  =  40  there  is  much  greater  difference  in  the  several 
values,  and  the  uncertainty  in  the  last  value  is  consequently 
much  greater,  but  the  last  number  so  obtained,  is  always  a 
limit  below  which  the  real  value  is. 

Since  our  values  of  A\  have  been  computed  in  terms  of 
E,  the  value  of  u  above  must  be  nmltiplied  into  E.  With 
this  value,  then,  we  get  from  (6)  for  the  value  of  /(  at  the 
equator,  where  )■  =;  1, 

h  =   (1  —2.687)  E  —  —1.687  E 

The  value  of  E  is  that  of  the  amplitude  of  the  equilibrium 
tide  at  the  equator,  which  in  the  case  of  the  lunar  tide,  if  we 
assume  the  moon's  mass  equal  -^,  is  0.812  of  a  foot. 
Hence  we  get  for  the  range  of  the  lunar  tide  approximately 
at  the  equator, 

■2h  =  —  2  X  1.687  X  0.812  =  —2.74  feet. 
Its  being   negative  indicates  that  low  water  occurs  at  the 
time  of  the  moon's  meridian  transit,. 

L.\pi.ACE,  in  the  same  case,  obUiined  for  the  range  of  the 
tide  foi'  the  moon  and  snn  in  conjunction  or  opposition,  1 1 .05 
meters,  which,  being  positive,  indicates  that  high  water  oc- 
curs at  the  time  of  meridian  passage.  But  instead  of 
A'^^0,  he  used  A',  =  6.196,  obtained  from  his  con- 
tinued fraction.  Besides,  the  mass  of  the  moon  which  he 
used  was  nuioli  loo  large. 


OBSERVATIONS  OF  COMETS, 

MADK    wnil     IIIK    I.")-IXCn    KQL'ATOUIAI,   OK   mH   HAUVAllD   COI.I.KOK   OllSKKVA  roKV, 

Hv  O.  C.  WKNDKLL,  .\ssisiant. 
Connnuiiicated  by  Professor  Kdwauu  C  I'ickhuim;,  Director. 


1890  Cambridge  M.T. 


No. 
Conip. 


'-* 


Ja 


dB 


^'s  apparent 


lo^  f>A 


Co.«ET  e  1890  (Zona  Nov.  13). 


Nov.  28     8  28  33 
Dec.   15     8  25     9 


*I)ec.  22   17  25  19 


—2  52.92 
—3     9.48 


-I-   8  27.5 
+  14  55.1 


4   19   10.09 
2  53  24.49 


+  3n     9  53.1     1(9.612 
-1-32  58     8.3     >i9.043 


0.383 
0.175 


Comet/ 1890  (Simtalei!.  Nui:  10). 

I    -1-1   16.25    1—2     1.8   I    4  .59  44.07    I  -t-39  23  56.8  i  h9.746  |  0,715 


Mean  Places  for  JSHO.O  of  Co7nparison- Stars. 


* 

a 

Kcd.  to 
app.  i)lacc 

cv                      Ucd.  to 
"                  app.  place 

Aiitliorlty 

1 

2 
3 

4'2l"'59!l9      i      -f3*82 
2   56  .-SO. 50            -t-3.47 

4  58  23.48      |     +4.34' 

+3.5°    1    l.i's    1     +  9.8     1  Weisse'sBesseL  IV,  416-18  (mean) 

+  32  42  54.8         +18.4        Weisse's  BesseL' 11 ,  1 302 

+  39  25  49.5         +9.1     j  Lalande  9487 

♦  'I'he  object  observed  for  SrrrAi.Kit's  comet  conid  not  be  itlentl-  |  cphcmeris,  and  was  thouglit  to  be  llic  comut,  .\s  soon  as  tlic  moon 
lied  US  such  with  certainty  on  neeount  of  fHiiitnes.s,  rather  low  ftiti-  1  and  weather  will  permit,  a  reexamination  of  this  rcRlon  will  be 
tiiile,  and  haze.     It  was,   however,  in  the  place  indicated  by  the      made  to  see  if  the  assnmed  object  Is  still  there. 
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T  H  K     A  sriJON  U  iM  IC  A 


.1  <)  i:  i:  N  A  I,. 


N  •  -J.Si. 


OBSERVATIONS 

I5Y    A. 

[CoiniiniiiicMlctl  by 


Date. 

P 

1880.581 

2  4  5°.  9 

0.603 

246.3 

0.712 

245.6 

0.718 

247.3 

1880.654 

246.28 

1881.503 

249.8 

1.522 

250.fi 

1.536 

250.5 

1.588 

245.5 

1.591 

249.0 

1881.548 

249.08 

1882.51 4 

2.^6.9 

2.519 

258.1 

2.525 

264.1 

2.538 

257.4 

1882.524 

259.12 

1883.573 

262.9 

3.581 

264.7 

3.598 

261.2 

1883.584 

262.93 

1884.635 

274.3 

4.638 

272.4 

4.657 

273.4 

1884.643 

273.37 

1885.553 

286.2 

5.561 

288.. 0 

5.564 

289.4 

1885.559 

288.03 

vol  Obsermtorn. 

1890  Dec.  3. 

OF  A'  UI'JIiCifLIS, 

ll.ALL. 

tin'  Sii|)('riiit('ii(li-iit.] 

Diiic.  p 

1886.5r,.-.  :{0.J°9 

6.560  303.7 

6.574  300.2 

6.640  292.2 

6.651  300.6 


1889.651 

1890.536 
0.54  2 
0.555 
0.577 


1890.55-J 


300.12 

319.8 
322.3 
322.3 


0.62 

12.9 
13. G 
13.7 
12.7 
13.22 


Note.  —  This  double  star  was  discovered   by  .Ai.vax  Ci.ark  in 
I  IS.ifl.     .\n  ol)servatioii  l)y  Dawks  gave, 
I  1857..'i.     p  =  .59^.3;     s  =  l".t'2 

It  will  bo  seen  that  theaiiirular  motion  is  rapid,  .iiul    indicates  a  po- 
I  riod  of  less  than  (ifty  years.     This  star  is  interesting, since  it  makes 

it  probable  that  some  of  the  faint  pairs  fonnd  in  recent  years  may 

have  large  motions. 


ON   JUPITER'S  PERTURBATION   OF   COMET  1889  Y 

liY  S.  C.  CH.XNDLEH. 


IN    1922. 


In  A.J.  no.  205,  il  was  stated  that  the  orbit  into  whicli 
thi.s  comet  wns  tlirowii  by  Jupiter  in  188G,  and  in  which  it  is 
now  moving,  is  such  "  that  no  serious  perturbation  can  occur 
until  1921,  in  the  spring  of  wiiicli  year,  however,  it  will 
again  enter  liie  sphere  of  Jiqiiter'-t  activity,  and  undergo 
anotiier  violent  transmutation." 

Sliortly  afier,  a  closer  examination  of  tiie  circumstances 
of  tliis  anticipated  appulse  was  made,  but  not  pnblisiied,  be- 
cause 1  was  not  quite  sure  of  the  trustworthiness  of  the 
result  of  carrying  forward  so  far  tiie  mean  motion  I  tlien 
used,  501". 65C.  But  tlie  corrected  motion  found  in  A. J., 
no.  231,  diffeis  only  0".196  from  tliis,  which  corresponds  to 


but  four  or  live  days'  differeuce  in  iielioceutric  motion  in 
tliirty-tiiree  years;  and  tbe  comet's  aphelion  was  so  accu- 
rately (ixed  l)y  the  old  orbit,  as  is  shown  in  no.  231,  that  the 
computation  al)ove  spolien  of  has  practically  as  much  value, 
for  the  purpose  of  exhibiting  the  character  of  the  appulse, 
as  if  based  on  the  corrected  orbit.  The  results  may,  there- 
fore, have  enough  interest  to  be  communicated  here,  with 
such  brief  details  as  will  lighten  the  labor  of  any  one  who 
m.ay  feel  disposed  to  carry  the  matter  further. 

The  elements  on  p.  101  (Vol.  IX)  carried  forward  to 
1920.0,  give.  n  =  V  51'  25". 1  ,  J^  =  18°  22'  54". 9  . 
i"  =  6"  4'  23". 8  ;  whence  the  eeliptieal  coordinates, 


N"  2:i2. 


T  H  K     ASTRO  N  ()  M  I  C  A  I.     .1  ()  I    U  N  A  I, . 


X  =  /•  [9.9997582]  sin[  91°  45'  38".4  +  ?;] 
?/  =  )■  [9. 9978000 j  sill [  1  57  13  .3  +  tfJ 
z  =  »•  [0.0244869]  siu[343    28    30.2  +  y] 

|{y    LkVehkieh's    Tallies    of    Jupiter,   wv    find    (Equinox 

1920.0), 

I  h 


loj:  r 

0.7364763 
0.7365309 
0.7365707 


Gf.  M.T. 

1922  Jan.  15.0  187  5946.13  +11.S29.76 
Feb.  4.0  189  30  28.55  +  lis  31.65 
Feb.  24.0       191     1     9. 04       .+  1   18  30.26 

Wo  thus  obtain  for  tlie  instant  1922  Feb.  4.0,  froin  the 
iiuilisturbeil  orbit,  the  position  and  motion  of  tlie  comet  rela- 
tive to  Jupiter,  expressed  l)v. 

=  =+0.171904,         r;=— 0.273S97,  r=— 0.068488 


-^  =  +0.00090738,  V= 


ilistance  of  0.28542.  The  plane  of  the  motion  is  iocliued  lu 
the  eriiptie  26"  55'. 2,  the  ascending  node  being  at  98°  Sl'.a, 
and  tiie  perijove  at  240°  31 '.4  fioili  this  node,  all  referred  to 
1920.0.  The  comet  in  receding  from  ./i'/»i7f>- attains  on  1922 
Oct.  18.920  the  same  distance  as  on  Feb.  4.0. 

It  will  couseqnenlly  be  seen  that  the  iiutiirc  of  the  cast- 
precludes  any  such  violent  disturbance  in  1922,  as  in  1886, 
although  the  changes  In  the  elements  will  doubtless  be  great. 
I  have  not  carried  forward  the  calculation  io  determine  these, 
but  from  what  has  been  given  any  one  interested  can  easily 
do  so.  Hut  in  that  case  it  would  be  desirable,  since  the 
comet'  penetrates  »<>  slightly  into  the  attraclion-sphere  of 
Jiifiter,  to  take  into  account,  approximately,  the  perturba- 
tions bv  the  sun  between  Feb.  4  and  Oct.  18. 


:  +  0. 00199270,  '-?  =  —0.00058545 
dt 


From  these  we  (U'dnce  :i  sulisecpieiil  hyiieiliolic  motion 
about  Jupiter,  with  a  very  huge  paraiiicter,  1.5.").'i5.  The 
nearest  point  of  approach  occurs  on  1922  .liine  12. 160  at  a 

Cambridiie.  1890  Dec.  23. 


I  desiie  to  note  two  slips  of  the  pen  on  p.  120.  In  line 
l.'i,  col.  I.  read  "  increased"  for  "diminished"  ;  and  in  line 
5,  col.  2,  read  "  four"  for  "six,"  the  word  "  previous"  of 
course  referring  to  Mar.  29. 


FILAH-MT('H()MHri':K    ( )BSEKVATJONS   OF    COMET/' 1890  (.s/z/.i/ /■./.•.  \r  ;- 


WITH     llir.    12-INCII   KCirATOKIAI.   OK    rUK   l.ICK 
Bv  K.   K.    U.U!NAl!l). 


>llSi;i!VATOI!V, 


On  December  6.  tlie  lelegraiii  eonlainiiig  the  additional 
oliservatioii  of  this  comet  on  Dec.  4  was  received  at  this 
Oliservaloiy.  That  evening  and  the  following  proving  clear 
llii'  cornel  was  found   and  oliserved  with   the   12-incli  equa- 


torial. It  is  of  about  the  13lh  magiiitiide.  and  i.s  very  small, 
only  a  few  seconds  in  diameter  ;  it  has  an  indeliuite  brighten- 
ing in  the  middle.  The  appearance  is  that  of  a  very  distant 
comet. 


1890  Mt.  llainilton  .M.T. 


10  36     8 

9  48     5 

14  22   14 

9  18  .50 

8  17  37 

9  51      9 
8  4   28 


* 

NO. 

^- 

-* 

C'oiiip. 

la 

.18 

I 

18  .  6 

+  o"'32.''ll 

+  l'  13.0    ! 

2 

18  .  8 

+  0    14.21 

—3   18.1     , 

3 

14  ,6 

—0  53.23 

+  7  53.:!    i 

4 

3  ,  4* 

—0   11.07 

+  6   11.8 

5 

3  ,  4* 

—0     8.46 

+  1   54.9 

6 

12,4 

—0  36.14 

+  3   21.8 

7 

16.3 

—0  22.S,i 

+  3  27.3 

5    13 

10.65 

5   12 

18.05 

5    1  1 

10.63 

5    10 

27.63 

5      8 

39.72 

5     5 

51.7 

^"s  appaiTiit 


+  37 
+  37 
+  38 
+  38 
+  38 
+  38 
+  38 


48  55.4 

58  18.2 

9  29.8 

16  42.5 
25 

33  27.8 
56.fi 


In;; 

/•A 

■■"" 

ror.l 

719.369 

9.477 

H9.522 

9.799 

9.544 

9.845 

9.598 

9.982 

119.681 

0.193 

H9.7I1 

0.281 

119.863 

0.149 

.Mnni    I'laci-s  I'oi    1690.0  of  CotupariKOji-Stnrn. 


* 

Hod.  to 

s 

Kcil.  lo 

Aiit  lioril  \ 

a 

1   app.  place 

app.  place 



1 

h  12"'34!45 

+  4*09 

+37  47  36.7 

+  0.7 

Lahinde  9881 

2 

5  11   59.73 

+  4.11 

+  38      1   30.4 

+  5.9 

Lalande  9860 

3 

5  11   59.73 

+  4.13 

+  38      1    30.4 

+  6.1 

Lalande  9S(i(i 

4 

5   10  31.55 

+  4.15 

+  38    10  24.5 

+  6.2 

t  I'ompared  with  star 

5 

5      9   38. 

+  4.18 

+  38  23 

+  6.3 

9". 7  Star,  approximal 

6 

5      9    1  l.CC. 

+  4.2t) 

+  38   29   59.4 

-1-6.6 

W.B. 5" 161 

1      ' 

5      C.    10.2 

+  4.2S 

f-:i.S  5:!.0 

+  7.3 

DM.  38°  I0C.5 

•  . /«  nieasiinvl  dirort  with  inierDineler.  » 

t  Star  ;!— Star  I,      l,i  =  —1'"  2.V.1S,     Jtf  =  +s' 
i)l)sorva(iiiiis. 

Ml.  JIdtuillnii.   189(1  />.v.   IS. 


Tlie  above  oliservnilous  nro  all  thai  ll  lins  Imh-ii  possible  to  obtabi 
of  the  coniel.  ll  .^iceiiis  lo  Ik-  gellni^  a  little  larger,  and  «  little 
l.rlijliler. 
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FILAK-MICRO^rETEK  OBSEKVATTONS  OF  D'ARREST'S   COMET  oiisgo), 


MAUK  WITH  Tin;  2(;-IMll  liijl  All 


>r  niK  I.KANIIKK  M'OOlt.MICK  OUSKlt VATOltV 

[Communicated  by  the  Director.] 


)!■  riiK  iixivr.usiTV  ov  vikginia. 


1890  Local  M.T. 

* 

No. 

^- 

-* 

6^'s  ap|)arciit 

logpA 

Obs. 

Conip. 

Ja 

i      ^8 

a 

8 

foro 

lord 

(Ht.  17 

h         III        > 

!t     4     8 

1 

1  ,  1 

+  7'"  5".  79 

+  3  46.0 

It     III     . 
19  57  56.52 

— 27°44'  46^1 

9.554 

0.856 

S 

30 

6  47  32 

2 

1  ,  2 

—7  31.86 

—1  56.7 

20  50  17.95 

27  59  54.3 

8.895 

0.907 

S 

31 

7  22  27 

2 

1  ,  2 

—3  28.32 

]    +1      9.6 

20  54  21.47 

27  56  48.0 

9.194 

0.898 

P 

Nov.   1 

6  58  28 

2 

6  ,  2 

+  0  23.72 

+  4  37.7 

20  58   13.50 

27  53  19.9 

9.020 

0.902 

P 

7  32  46 

3 

2  .  2 

—2  25.99 

—3  47.5 

20  58   18.25 

27  53  10.9 

9.252 

0.896 

S      1 

7  34  15 

•> 

2  .  2 

+  0  29.32 

+  4  46.5 

20  58  19.10 

27  53   11.1 

9.261 

0.895 

s 

4 

8     8  34 

4 

2  .  2 

—3  23.03 

+  1    13.3 

21    10     2.13 

27  39     4.5 

9.403 

0.883 

D 

8  41   42 

;> 

3  ,  2 

—1    11.18 

1    +2   15.7 

21    10     .S.36 

27  38  56.2 

9.502 

0.867 

P 

8  41   42 

4 

3  ,  2 

—3  16.75 

1    4-1   22.2 

21    10     8.41 

27  38  55.6 

9.502 

0.867 

P 

0 

6  36     1 

t; 

5  .  4 

^1   50.66 

1    +1   49.4 

21    13  38.84 

27  33  45.6 

8.721 

0.904 

P      ; 

7  31   45 

i; 

4  .  4 

—1  42.15 

+  2     5.2 

21    13  47.35 

—27  33  29.8 

9.247 

0.895 

.s 

Mean  Places  for  1890.0  of  Comparison- Stars. 


Ked.  to 
app.  place 


19  50  49. 

20  57  47. 

21  0  42, 
21  13  23. 
21  11  17. 
21    15  27. 


s  =;  OijMoxD  Stone 


+  1.69 

5 +1.80 

+  1.85 
+  1.88 
+  1.86 
+  1.87 


Red.  to 
app.  place 


—27  48  35.1  —0.4  I  Yaniall  8788 

27  57  49.2  I  +1.6  Gould,  i(G.C.  28864  +  C.Z.  1808) 

27  49  25.1  I  +1.7  '■        i(G.C.  28950  +  C.Z.  1902) 

27  40   19.9  I  +2.1  -        i(G.C.  29239  +  C.Z.  375) 

27  41    13.8  +1.9  "        i(G.C.  29203  +  C.Z.  312) 

—27  35  37.1  I  +2.1  "        |(G.C.  29283  +  C.Z.  460) 


N.  M.  Pahrish  ; 


D  =  C.  L.   l)]-.MoTT. 


0BSERYATI0:N^S  of  comet  e  1890  izoxA), 

MADE  AT   THE   V.s.    XAVAI.   OliSEIiVATORY   WITH   THE  9.G-1NCII   E<JU.\TOIJIAI., 

Bv  E.  FIUSBY. 
[Communicated  by  tlie  Superintendent.] 


1890  Wasliingtou  M.T. 

* 

No. 
Comp. 

-* 

a 

apparent 

8 

log  PA 

for  a        1        for  (J 

d            Ji       111         < 

Nov.  28       6  26  55.5 

1 

20  ,  4 

— d"26!29 

+  1   26.4 

4' 19"  34'.  64 

+  35     9  36''3 

7(9.7384     0.5581 

Dec.     4     10  38  52.4 

•> 

20  .  4 

+  0     4.09 

—0  14.4 

3  44  38.51 

+  34  47  46.7 

8.4023      9.7167 

10     11  30  12.5 

3 

10  .  2 

—2  27.88 

—6  26.1 

3  14  22.16 

+  33  55  30.0 

9.3496      0.0270 

11      10  33     5.7 

4 

15  .  3 

—1   58.74 

—1  54.6 

3     9  55.52 

1    +33  47  33.0 

9  0288  1  9.9187 

10  33     5.7 

;> 

15  ,  3 

—0  53.54 

+4  19.8 

3     9  55.68 

+  33  47  27.6 

13       8  57  48.5 

6 

10  ,  2 

+  2     4.45 

+  1   10.9 

3     1  26.64 

+  33  22  16.4 

J18.8954 

9.9346 

Mean  Places  for  1S90.0  of  Comvarison- Stars. 


* 

Red.  to 

8 

Red.  to 

a 

app.  place 

app.  place 

Authority 

1 

4  19'"57!l2 

•  +3.81 

+  35     8     0.0 

+    9'.  9 

Bonn  VI,  +35°  870 

2 

3  44  30.6? 

+  3.75 

+34  47  47.2 

+  13.9 

"           +34°  748 

3 

3  16  46.43 

+  3.61 

+34     1   39.6 

+  16.5 

Weisse's  Bessel  III,  303 

4 

3  11  50.67 

+  3.59 

+  33  49   10.6 

+  17.0 

203 

5 

3  10  45.64 

+  3.58 

+  33  42  50.8 

+  17.0 

178 

6 

2  59  18.66 

+3.53 

+  33  20  47.7 

+  17.8 

1373 
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FILAR-MICUOMETER   OBSERVATIONS   OF   COMET  e  ]89()  ./.o\a.  xov.  ir,), 

MADK,    WITH    Till-.    IL'-IXCII    KljUATOlilAl.   UK    llli:    I.KK    OIISKKVA I DKY, 
15v   E.   K.   15AKXAHI). 


lS!)OMt.  Ilamiltoinr.T. 


No. 


la  I  '8 


(^'s  apimn-iu 


lor«      I    loTi 


''""'I'.  ,/a  I         ./8  a  S  , 

Nov.  :!0     S  rj'!  .-,0       IS  ,  G        +0  22.40        — 4  23.:1         4 '<;":!9'2:i         +3.5  7  28.0      ),9. 539  0.070 


M<<iii    Vldcc  for  IS'JO.O  of  ( '(t/ii/xii-isoit-Sff/i-. 

'«'•''•'•"                 s  "'^^''•;"                     .u.ti,„.iiv 

a                     app.  place                  »  :ipp-  pli«--e 

4'V, '13.01                +3'.82         +35   11' 3!).. S  +11.-5                    W.l!.  IV48 


ELLIPTIC    ELEMENTS   OF  COMET  18<)0y' (.s7'/y.4/./^/.- 

I'.v  \tv.v.  G.  M.  SK.AHI.K. 


Tlie  obsei-vations  of  Nov.  U!  aiul  Dec-.  4,  made  in  Europe, 
togetlier  witli  tliose  at  Mt.  Hamilton  Dec.  6  anil  7,  seeming 
to  furuisli  snllicieut  material  foi-  an  approximate  orbit  of  this 
comet,  a  parabola  was  computed  from  tliose  of  Nov.  16  and 
Dec.  7.  using  a  ratio  of  the  geocentric  distances  obtained  as 
usual  from  the  middle  place  and  time  of  Dec.  4.  Tiie  fol- 
lowing elements  resulted  from  the  ol)servations  corrected 
approximately  for  parallax  and  aberration  : 

T  =  1891  Jan.  5.6724  Gr.  U.T. 
Q,   —  62°  59'  17") 
0)  =26     19     13    \  1890.0 
(■  =  33    16    37   ) 
log  7  -    0.488416 
On  comi)aring  these,  however,  with  the  places  of  Deo.  4 
and  7,  the  following  somewhat  startling  discordances  were 
found;    (O-C)  :  j;.  j,3 

Dec.  4  +1   35  +0  54 

6  +4  43  +2  36 

and  indeed,  on  deteruiining  the  points  of  intersection  of  the 
lines  of  observation  with  the  plane  nf  the  supposed  orbit,  it 
appeared  that  these  points  actually  lay  iu  a  curve  convex 
towards  the  sun. 

It  appeared  certain  that  this  could  only  be  remedied  by 
assuming  shorter  geocentric  distances ;  but  as  distances 
luatiMially  shorter  were  quite  irreconcilable  with  parabolic 
motion,  the  calculation  was  made  from  Nov.  16,  Dec.  4  and 
7,  without  any  assum|)tiou  as  to  eccentricity.  The  follow- 
ing decidedly  different  orbit  resulted  : 

T  =  1890  Sept.  30.3947  Gr.  M.T. 
SI  =     49°  22'  56") 
(,)  =  359       5    44    '-  isiio.o 
/  =     15    53    58    \ 
log  q  =  0.287878 
y'  =  40°  4'  7" 
log  a  =  0.736067 
logK  =  2.445907 
Period  =  4642  days,  or  12\7I. 


The  residuals  for  the  middle  |)lace.  Dee.  4,  were  now. 
(O— C)  J).  =  +1",  ./fi  =:  0"  ;  for  that  of  Dee.  6.  +23" 
and  +9". 

These  elenients  are  still  of  cour.se  necessarily  quite  rough, 
as  the  intervals  of  time  are  not  favorable  for  accuracy  :  but 
it  would  seem  prol)able  that  the  period  is  such  as  to  place 
this  comet  among  those  subject  to  special  perturbation  l»y 
Saturn,  and  possibly  brought  into  our  system  by  that 
planet.  The  aphelion  distance  of  the  comet  from  these  ele- 
ments is  8.9514,  and  it  occurs  near  the  descending  node: 
the  mean  distance  of  Saturti  is  about  0.6  greater. 

The  following  are  the  coordinate  equations,  for  mean 
ecjuator  and  equinox,  fov  18!H).(I : 


.c  =  [9.990401] 
?/  =  [9.923001] 
z  =  [9.766876] 

For  ISiM.O  we  have 


sin(c+137  22  12) 
■sin(r+  55  20  32) 
sin(v+   30   12  40) 


a;  =  [9.990397]  rsiu(i'+137  23  4) 
1/  =  [9.9230I8J  <sin(c+  55  21  26) 
z  =  [9.766853]   )-sin(c+   30   13   12) 


Im'mimi: 

;i>   101;   ( 

1:1  1  NW  l>  II     Mil 

Nn;iii. 

(ir.  M. 

r. 

\pp.  .1 

.\PI..  .N^ 

1..:;  A 

Hr. 

1890  Dec. 

24.5     4 

58  42 

+  39  57.6 

0.0686 

0.76 

28.5 

M]   19 

4(1   14.0 

0.0794 

0.71 

1891  .Ian. 

1.5 

54   30 

40  26.6 

0.0911 

0.66 

5.5 

53    111 

40  .15.6 

0.1037 

0.61 

9.5 

52   26 

10  41.6 

0. 1 1 70 

0.57 

13.5 

52    18 

40  45.0 

0.1308 

0.53 

17.5     4 

52  48 

+  40   46.4 

0.1451 

0.48 
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i:i>III<]Ml<]IMS    OF    VAlilABLIOS    OK    TllK  AfJ.OL-TYVK, 

Aii|ir(ixiiiiat<'  (iicnnvicli  M.'l'.,   iHlll, 


III  Uie  followiiij;  eplu'ino.ris  the  slur  >'  Antllae  is  not  in- 
cliulcil,  for  tliu  reason  stated  on  page  1)4  (no.  228),  where 
a  separate  cphcnieris  for  it  will  he  foniid  covering  the  present 
season  of  its  visibility.  For  the  benefit  of  those  who  desire 
to  p:irticipate  in  the  e.vecediiigly  inipoi'tant  worlv  of  oh.ser- 
vation  of  this  class  of  stars,  reference  is  made  to  Vol.  \'ir, 


1K7.  where  all  necessary  particulars  are  given  for  the  pur- 
pose, with  lists  of  comparison-stars,  or  references  to  places 
in  the  Journal  where  lliey  may  be  found,  except  for  6'  Ani- 
line, discovered    since    that  article   was    prepared,  and    the 


I'" 


niparibon-slars  for   which  are  given  in  X'ol.  IX.  1S|. 


U  C'ephei 
n   Can.  Maj. 
I'  Coronal' 

Algol 
It  Can.  Maj. 

Y  Cvi-iii 

It  Cuii.  Maj. 
U  Cephei 
S   Cancri 
n  Can.  Maj. 

Algol 
U  Coi'onae 
U  Cephei 

Y  Cvgni 
Algol 

Y  Cei.hei 
y  Cvgni 

It  Can.  Maj. 
U  Ce|)hei 
It  Can.  Maj. 

Y  Cygni 
U  Coronae 
It  Can.  Maj. 
<.S    Can(rri 

U  Ceithei 

Y  Cvgni 

Y  Ceplici 
Algol 

R  Can.  ]Maj. 

Y  Cv<;ni 
U  Cei)hei 

It  Can.  ."Mnj. 
U  Coronar 


January 
<i  I 
1       )S 

1  10 

2  8 
2  l.'> 
2  K! 
:'.  l.i 
.-{  16 
.!   20 


4  li) 

;■)  10 

:,  1!) 

(i  8 

(;  14 

8  7 

8  20 

0  1  1 

10  12 

11  8 

11  1 .") 

12  14 
12  17 
12  18 
l;i  IG 
l;!  19 
1.')  14 
IG  7 
16  21 
18  11 
IS  14 
18  10 
i:i  14 
1  ■.!  II 


Algol 
It  Can.  Maj. 
U  Cephei 

Y  Cvgni 
Algol 

S   Cancri 
U  Cephei 

Y  Cygni 
Algol 

(/  Cephei 
R  Can.  Maj. 
(/  Coronae 
/(•  Can.  Maj. 

Y  Cygni 
Algol 

Jt  Can.  Maj. 
U  Cephei 

Y  Cygni 
Algol 

U  Cephei 
(S    Lihrae 


18 
17 

7 
14 
15 

4 
19 
14 
12 

7 

9 
12 
13 
14 

8 

28  16 
28  18 
;iO   14 

;!  1  5 
.•!I  6 
.•!1    21 


S   Cancri 
U  Corouac 

Y  Cygni 
U  Cephei 

U  Can.  Maj. 
R  Can.  Maj. 
U  Ce|)hei 

Y  Cygni 

R  Can.  Maj. 
f  Coronae 


Fehruarv- 

1  ie 


R  Can.  Maj. 
U  Cephei 
A  Librae 

Y  Cygni 
Algol 

<S  Cancri 
1'  Cvgni 

Algol 
R  Can.  Maj. 
U  Cephei 
(/  Coronae 
R  Can.  Maj. 

Algol 
)'  Cygni 
}.   Tauri 
R  Can.  Maj. 
S    Librae 

Algol 

Y  Cygni 
U  Cephei 
}.  Tauri 

U  Coronae 

Algol 
R  Can.  ALij. 

Y  Cygni 
i'   Cancri 

7.'  Can.  Maj. 
<V    Librae 
}.  Tauri 
R  Can.  Maj. 
U  Cephei 
1'  ('ygni 
/.   Tiiuri 


iirnarv 
(1   "  ii 

6  18 

7  18 

7  20 

8  14 
8   20 

11  .'l 
1  1  I ;! 
1  1    16 

12  10 
12  17 
12    18 

1.-;  14 
i:; 
l:', 


11 
14 
14  1,) 
14  17 
14  20 
17  10 
17   i:) 

17  17 

18  13 

19  16 

20  7 
20  9 
20  13 

20  15 

21  12 

21  19 

22  12 
22  16 

22  17 

23  13 
26  11 


1'  Cygni 
U  Corona 
U  Cephei 
(V    Librae 
AlKol 


R  Can.  Maj. 

Y  Cygni 
S   Cancri 
/.    Tauri 
R  Can.  I\Iaj. 
A*  Can.  Maj. 

Algol 
1'  Cygni 
U  Cephei 
U  Coronae 
U  Ophiucbi 
/.    Tauri 

Algol 
U  Ophiuchi 

Y  Cvgni 
fi   T>ibvae 
U  Coronae 
R  Can.  Maj. 

Algol 
U  Cephei 

Y  C'v2;ni 

R  Cku.  31  aj. 
U  Opiiiuclii 
.S   Canci'i 
II  Can.  .M.ij. 

Y  Opiiiuclii 


l-'eliruary 

26  13' 

26  14 

27  16 

28  19 
28  21 

.Miiich 
1  I  1 

1  13 

2  10 

2  15 

3  10 
3  18 
4 
4 


13 
16 

5  12 

5  20 
G  9 

6  15 

6  17 

7  13 

7  18 

8  22 

9  10 
!i  12 
9  11; 

10  13 

10  13 

10  21 

11  14 
11  17 


Algol 
1'  Cvgni 
U  CqJiei 
H    Librae 
U  Coronae 

Y  Ophiuchi 
)'  Cvgni 

U  O'l.liiuchi 
R  Can.  Maj. 
R  Can.  Maj. 

Y  Cvgni 
U  Cephei 

R  Can.  Maj. 
<S  Cancri 
H    Ijibrae 

Y  Ophiuchi 

Y  Cygni 

U  Ophiuchi 
U  Coronae 

Algol 
U  Cei)hei 
It  Can.  Maj. 

Y  Cvuni 

R  Can.  Maj. 

Algol 
U  Ophiuchi 
A'  Can.  Maj. 
U  0|iliiuchi 

Y  Cvsini 
tS    Librae 

Algol 
U  Cei)hei 
U  Cor le 


March 

d  h 

12  !» 

13  12 

14  15 

14  18 

15  20 

15  22 

16  12 
IG  18 

17  H 
IH  12 
19  12 
19  15 
19  IG 
2 1  2 
21  18 

21  19 

22  12 
22  15 

22  18 

23  20 

24  15 

25  8 

25  12 
2G  11 

26  17 

26  19 

27  14 

27  16 

28  12 

28  18 

29  14 
29  14 
29  15 


CORRIGENDA  IN    No.  231. 


(111.  •>.  line  2i;,     tur     ditteronl    put     ilift'ercntial. 

col.  2,  line  12  and  +  from  below,    /(()■    /'    pnl     it. 

col.  1,  last  taliie,  4th  hcartinj;.    for  Maxima   put  Minima. 


Pa;;c  US.  rol.  2,  line  I.",  fi-diu  lielow, 


C  O  X  T  K  N  T  ?  . 
Laii,ack"s  Solutu)N  ok   rnii  Tu>ai.  Kquations,  bv  Pi:t>i\   Wim.iam  Fkkimci.. 

OliSICUVATlONS  OV   CoMKTS,    BY    Mu.    O.    C.    WeNDKLL. 

Obskuvations  of  /«'  HuRcuns,  BY  Pkok.  a.  Hall. 

On  Juprriat's  Pkrtuub.ition  of  Comkt  1889  V  in  1922,  by  Mis.  S.  C.  Ciiaxdlkh. 

Fu.AK-MicROMKri;i!  Obskijvatioxs  of  Comet/ 1890.  my  Phof.  E.  E.  Bauxard. 

FlLAR-MlCUOJIETEU   OBSERVATIONS   OF   D'AkREST'S    CoMI/I',    BY   ProF.    OrMoND    SlOXE. 

Observatioss  of  Comet  e.  1890,  by  Prof.  E.  Frisby-. 

Filak-Micrometei:  Obsf.uvatioxs  of  Comet  e  1S90,  by  Prof.   E.  E.  Barnarp. 

Elliptic  Elements  of  Comet  1890/,  by  Eev.  G.  M.  Searlk. 

EPHEMKRIS    OF   A''ARIABLES    OF  THE   AlGO]>TYPE. 

Corrigenda  in  No.  231. 
i'ltbi.isiied  in  bostox,  semi-moxtiit 


/(/)■     Nov.  22.02000, 
put    Nov.  23.02000. 


T  II  E 


ASTRONOMICAL    JOURNAL. 


No.  233. 


VOL.  X. 


BOSTON,    1891    JANUARY    9. 


NO.  17. 


OX  THE  reductio:n^  of  astronomical  photographic  measures, 


By  IIAlioI.I)  .1  Acony.  15. A. 


The  reseaiches  of  various  astrouomers  liave  shown  that  it 
is  possible  to  make  inieroiiietric  observations  of  tlie  higiiest 
precision  by  means  of  photography.  It  is  the  object  of  the 
present  paper  to  develop  a  metiiod  of  reduction  for  obser- 
vations of  this  kind. 

Let  us  suppose  that  tlie  pliotogi-apli  has  been  measured 
with  a  niachiue  which  determines  the  |)osition  of  each  star 
on  tiic  [date  by  means  of  two  rectangular  coordinates.  I 
shall  assume  : 

I.  That  proper  corrections  have  been  applied  to  the 
measures  to  allow  for  distortion  of  the  film  during  develop- 
ment, or  proper  precautions  taken  to  prevent  the  occurrence 
of  such  distortion. 

II.  That  the  plate,  when  mounted  in  the  telescope,  was 
l>erpendicuhir  to  a  line  drawn  through  tlio  object-glass  nor- 
mally to  all  its  snrfaces. 

III.  That  the  point  where  i^uch  a  line  pierces  tlie  plate  is 
known. 

Let  us  take  the  point  defined  under  III  as  the  origin  of 
coordinates  for  the  measurement  of  the  plate  ;  and  it  may, 
perha|)S,  assist  our  ideas  to  look  upon  the  plate  as  a  tangent 
plane  to  a  sphere  whose  radius  )■  is  equal  to  the  equivalent 
focal  length  of  ihc  obiecl-glass. 


Now,  in  Fig.  1,  which  represents  a  portion  of  tlie  sensi- 
tized surface,  let  o  be  the  origin,  and  w,w' two  star  images  ; 
and  in  Fig.  "2,  which  represents  a  portion  »f  the  celestial 
sphere,  let  O  be  the  point  at  wliich  the  telescope  is  aimed, 
jl/and  J/'  the  two  stars,  and  /'  the  celestial  pole.  Then  the 
point  O  will  correspond  to  the  point  o,  and  the  line  which 


is  normal  to  all  the  surfaces  of  the  object-glass  will  pass 
through  0  and  o.  We  shall  "  orient ''  the  plate  by  making  the 
positive  axis  of  .<Y  correspond  to  the  direction  of  zero  position 
angle  from  the  point  O  on  the  sky.  The  positive  axis  of  1' 
on  the  plate  will  then  correspond  to  the  direction  of  jKisition 
angle  90°  from  the  point  O  on  the  sky.  And  the  position 
angle  of  any  star  from  O  will  be  equal  to  the  angle  between 
the  axis  of  X  and  a  line  joining  the  star-image  on  the  [ilate 
with  the  origin  o.  Now,  let  us  a.ssnuie  as  the  unit  of  all 
linear  measures,  one  division  of  the  scale  of  the  measuring 
machine,  and  let 

P,P'   be  the  position  angles  of  M  and  .V  from  the  point  O; 
^'>y  \^\!/\  the  coordinates  of  m  and  m'  on  the  \>late  ; 
p,p'  the  linear  distances  of  m  and  m'  from  o  in  Fig.  1  ; 

R,  li '        the  angular  distances  of  .Vand  .1/'  from  0  in  Fig.  2  ; 
B,  the  spherical  angle  U M M\  Fig.  2  ; 

Z>,,  the  plane  angle  omm\  Fig.  1  ; 

)■  the  w|uivalent  focal  length  of  the  object-glass  ; 

s  the  angular  distance  MM',  Fig.  2; 

the  linear  distance  »i  m'.  Fig.  1  ; 


rf 

we  shall  have : 

p  sin  /*  =:  ij  p'  sin  /"  =  y' 

p  cos/'  :=  X  p'  cos  P'  =  x' 

and  from  the  triangle  OMM\  Fig.  2. 

&M\(P'—P) 


0' 


tixuli.  = 


smR  cot  R '—  cos  R  co8{P'—P) 
and  from  the  triangle  om  m'.  Fig.  1, 

p'  siniP—P) 


tan  «.  = 


But 


p  —  p'coa{P—P) 


p  =  rtan/?  p'  =   rtanA* 

6in(  P'—P)  voaR 


'      sin  R  cotR  —  cos  R  cos(/" — P) 
or,  developing  into  series 
B,—  B,=  tan- J  R  sin  2  /J,  +  .i  Um'  J  R  sin  4  ZJ,  +      .       . 
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the  lijsi  tciiii  of  iliis  si'iics  will  always  siiflico.  mikI  if  we  piil 


we  .sliall  li;ivc, 

Ai;:iin.  we  have, 

(siii  s  = 


A,,  sin  /i,,  co.s/i,, 
siii(  /'' — /')  sin  II' 


sin  li. 


//sin{P'— P) 
sin«„ 


sin  W  >i\i\(J"—J') 
cos  li'  sin  B„ 


so  that 


(?eos  li'         sin  />'„ 


)•  siii(B^  +  ry) 

ir,  (U'veiopirio.  anil  icnieinlici  in<>  tiial    ',    is  vei'V  sniali. 
(/ cos  A"         d  cos  It' 

'Y+2pCos-B,j 


lint 

Vl+lan-7?' 

Hence, 

sin  s  —  - 

d 

h? 


-  + 


/{l  +  J^.^:oS-'7>'„ 


,  P_ 


>■    1  +  ^  -.,  COS-  /)', 


(d)  X    :=; ^      ,.  p-  COS-   B^  —   4-     .;  |0 


l_x'':eos=JS^_.^; 


-     + 


d- 


(■1) 


Now  yi,,  is  tiie  Sinn  of  tlie  angle  /'.  and  the  suiiplenieiit 
of  the  inclination  of  the  line  >ii  in'  to  the  axis  of  X ;  so  that 
if  we  introduce  Q  by  means  of 

\  (/  sin  Q  =  y'  —  >/ 
]  d  cos  Q  =  x'  —  X 
we  hav(^ 

(•'))  «,  =  P—  Q+  ii^O" 

and  c<)nse(]uently 

Ji,  =   P—q  +  /,  +  180° 
Now  we  have, 

(6)  H  -    tan-'^  =  ^  —  4  ?.'.  +   .    .    . 

,.  ,,.  J  ^... 

The  position-angle  of  the  Hue  0  31  a.t  0  is  P,  and  the 
position-angle  of  the  same  line  at  M  may  be  fonnd  by  add- 
ing the  Kesselian  collection 

(7)  ;■  =   H  tan  fi  sin  P  +  ^  It'  sin  P  cos  P  ( 1  -)-  2  tan-  A) 

whei'e  A'  is  llie  declination  corresponding  to  tiie  center  of  the 
plate.  A'nd  finally,  the  posil ion-angle  of  the  line  MM'  at 
the  point    .1/  will  lie 

(8)  /;    =    ISO"  —   B,   +    P  +   y   =    Q   +   y  ~  ,, 

I  shall  now  show  how  the  above  formulas  mav  be  em- 
ployed. If  two  or  more  "  standard  stars,"  whose  positions 
on  the  sky  are  well  determined,  have  been  impressed  on  the 


(9) 


plate,  wc  can  derive  the  constants  of  reduction  fr<jm  the 
reclangnlar  coordinates  of  the  images  of  the  standard  stars. 
Hut  lirsl  we  lllu^t  calculate  .s  and  y>  for  the  standard  stars. 
Let     ('.,  u'  be  the  known  right-ascensioii.'!  of  tlie  stars, 
(S,  (V       "  "        declinations  " 

and  let  j'  '"'  counted  from  0°  to  :>(!0°  in  the  direction 
N.E.S.W.,  then  we  have 

sin  i  s  sin  j>„  =  cos  ^{t^'-\-lS)  sin  i(rt' — a)  I 
siniscosj),,  =  sin  ^(8' — ft)  cos^(«' — a)  \ 

from  which  to  obtain  n  and  ;)„.  'I'liis  p,,  is  the  iiican  of  ihc 
values  of  the  position-angles  at  the  two  stars,  ll  iiiii>l  lie 
reduced  to  the  i)osition-angle  ;?>,  at  the  star  to  which  «  ami 
8  belong,  by  means  of  the  fornnila, 

p  ^  Pa  —  i  s  tan  ^{8  +  8')  sin^i,,  (  10) 

+tV«^  siu-1"  sin^j,,  cos=p„  tan  i  (^-f-iC)  [1+2  tan'i(<'i  +  (V')] 

which  gives  the  correction  to  p„  in  seconds  of  arc,  and  in 
which  the  last  term  will  rarely  be  appreciaMc.  'I'lie  values 
of  s  and  p  so  obtained  are  true  values.  They  must  be 
turned  into  apparent  values  by  ap|)lyiiig  the  usual  corrections 
for  refraction,  i)recession,  etc.,  before  being  used  in  what 
follows. 

I  shall  assemble  the  necessary  formulae,  letting  (x,  y), 
{x',  y')  be  the  coordinates  of  any  two  standard  stars,  and 
also  making  a  few  simplifications. 

We  get, 
from  eq.  (1 )  p  sin  P  t= 

p  cos  P  =: 

i 

j  from  eq.  (4)  and  (.i)      d  sin  Q  =  y' — .y 

\  d  cos  Q  =  x' —  ir 

\  from  eq.  (o)  c,  =       cosec  1 

of  arc) ,  wliici 


p'  sin  P'  =  y' 
p  cos  P'  =  x' 


li,  =  P—Q 


( where  .•i  is  in  seconds 


=^   )'i  —  -i    -.,  —  cos-  If,,  cose( 


ves  an  approxiniale  \alue  of  r.   anil 
i  — ;  ^—  cosec  1 


4- 


d   rt- 
— T,  —  cosec  1 


which  gives  the  value  of  the  required  equivalent  focal  length 
for  the  plate  under  discussion.     To  obtain  the  error  of  orien- 
tation, we  have 
from  eq.  (2) 

r,    ^  ir    —  sin  S„  cos  B,  cosei' I '.  which  u:ives  r,   in  sccdihU, 

from  eq.  (6) 


It  =:    -cosec   1"  .1  -:i 


licli  u'lvo  A'  ii 


,nds. 


from  ecp  (7) 

;■  =  A'  tan  8  sin  P  -\-  h  P  sin  Peos  P(  1  F2  tan"  8)  sin  1", 
which  gives  ;■  in  seconds,  and  in  whicli  8  is  the  ileclination 
of  the  center  of  the  plate.  Finally,  the  correction  for  orien- 
tation required  by  the  values  of  P  and  Q  obtained  from 
equations  (1)  and  (  I)  will  be,  from  equation  (S) 

<■  =  I'-Q-y  ^  ; 


N"  2;w. 
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If  e  1)6  large  it  inaj'  lie  iieiiessary  to  recompute  /,  and 
I  litis  get  a  new  value  of  v.  But  no  matter  liow  large  v  may 
lie,  it  will  not  affect  the  value  obtained  for  r.  If  there  are 
more  thau  two  standard  stars,  we  can  compute  values  of  r 
and  V  from  other  pairs,  and  employ  a  mean  value. 

If  the  orientation  of  the  plate  is  to  depend  n|)on  a  -'trail," 
instead  of  a  |)air  of  standard  stars,  we  may  still  employ  the 
above  formulas,  if  we  put  S  =  8'. 

P>quations  (9)  then  show  that  p„  :=  270".  8o  we  have, 
for  the  determination  of  v.  r  being  of  course  supjjosed  other- 
wise known  :     (11) 


(I  sin  Q 
d  eos  Q  r=  .!•' 
p  sin  F  =  .'/ 
fj  cos  P  ^  X 
p'  sin  P  =  »/' 
p'  cos  P  =  .>•' 

A.  =  P 

d 


>l  —  ?/ 


"  —  4^-0°  cos-  /J„  cosec  1"- 


i  -p'- cosec  1  " 

-   ,.1  r 

I    .,  a-  cosec  1 


7.  =  i  -,  sin  /}„  cos  J3„  cosec  1" 
-  ,.. 

p  p"  „ 

11  r=       cosec  1    —  -V  -^  cosec  1 

;    =  R  tail  .V  sin  P  +  \  H'-  sin  P  cos  P(l  +  2  tun' S)  sin  I" 

where  d'  is  the  declination  of  the  center  of  the  plate 
?)  =  -i/O"  +  i  s  UinJ,(f>  +  d') 
'•  =  /'  -  V  -  ■/  +  I 

and  if  the  trail  belongs  to  a  central  star  these  become. 


(I  sin  Q 
d  cos  Q 


(1-^)  ^ 


:=  —  cosec  1" 


cosec  1 " 


p  =  270°   f  i  s  tan  ^((^-l-<"(') 
0  =  f  —  Q 


Having  oI)tained  the  constants  ;■  and  r,  the  most  convenient 
method  is  to  determine  the  position-angle  and  distance  of 
everj'  star  on  the  plate  from  the  point  0-  These  quantities 
nuist  then  be  converted  into  differences  of  R.A.  and  S,  giv- 
ing a  .la  and  Jfi  for  each  star.  Then  the  ./«  and  lli  of 
the  standard  stars  will  make  known  the  R.A.  and  (1  corre- 
sponding to  the  point  O,  and  the  Ja  and  .IS  of  any  star 
being  then  applied  to  the  R.A.  and  S  of  the  point  0,  will  of 
course  give  the  position  of  the  star.  The  convenience  of  re- 
ferring all  the  stars  to  the  point  O,  instead  ot"  referring  them 
directly  to  one  or  more  of  the  standard  stars,  arises  from 
the  fact  that  our  formulas  become  n)ueh  Ampler  in  the 
t\>rmer  case.  For  if  one  of  the  i>oints  under  consideration 
is  at  the  origin,  we  may  put 
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X  ■=^  o,   y  z^  o,  p  zz  o,  d  =z  p',  r,  =  o,   ,    ^     'J. 
K(|.  (.3)  then  becomes 

s  z=  ~  cosec  1     —  i  -^  cosec  1 
r  r^ 

which  gives  n  in  seconds  of  arc  (see  foot-note  «),  and  eq. 
(8)  gives 

p  =  Q  -^  V 

d  and  (^  being  derived  from 

d  sin  Q  =  ;/' 
rfcos  Q  ^  x' 

It  should  be  observed  that  the  position-angle  p  so  ob- 
tained corresponds  to  the  point  0  on  the  sky  ;  and  in  order 
to  deduce  /he  and  JS,  it  is  necessary  to  add  to  p  the  Hes- 
selian  correction, 

;•'  =i  is  taut'!  sin^)  -f-  ^s-  s\np  cos;)(l+2  tan-'d)  sin  1" 

where  S  is  the  declination  of  the  point  0,  and  constant  for 
all  stars  on  the  plate.  The  formula  gives  7'  at  once  in 
seconds  of  arc.  This  reduction  liaving  been  applied,  we 
have  the  me.au  of  the  position-angles  at  the  two  stars. 
Further  corrections  having  been  applied  for  refraction,  etc.. 
we  can  at  once  compute  Ju  and  .JS  for  each  star,  with  re- 
ference to  the  point  0.  And.  as  above  indicated,  the  R.A 
and  S  of  the  point  O  being  derived  from  the  Ju  and  .73  of 
the  standard  stars,  we  get.  tinally,  the  true  «  and  (1  of  the 
unknown  stars. 

It  is  of  course  needless  to  remark,  that  if  the  plate  has 
been  measured  with  a  machine  giving  the  polar  coordinates 
of  any  star  at  the  point  o,  we  shall  have  the  values  of  d  and 
Q  at  once  from  the  machine.  So  that  the  final  formulas, 
namely, 

(/  sin  Q  =  ;/' 

d  cos  Q  =.  x' 

'I  „        .  rf' 

.<  =      cosec  1    —  t    ..  cosec  1 
r  ■'  I- 

,,=  Q  +  V  ,1 

become,  simply 

d  ,',        ,'^'  1"    ) 

.s-  =    -  cosec  1    —  4  -,  cosec  1      / 

P  =  Q  +  V  ' 

but  in  either  case,  we  must  apply  to  ;)  the  correction 

}■'  =  i,<  tan  <f  sin/)  +  |  .•."  sin/)  cos/)(l  i-2  tan- A)  sin  1" 
before  computing     ./itanil    /<!. 

rfl)This  agrees  with  thi-  e(maliiin  ^Iveu  by  Dr.  B.  .\.  Goin.n  in 
Natl.  Acid.  Sc.  Vol.  IV,  Tliii-\1  Memoir,  after  the  correction  of  a 
typosnipliiciil  error  In  tlio  latter. 
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NOTE   ON   THE   ELEMENTS  OF    Y  CYGIil, 

liv  I'Al'L  S.  YENDKI.L. 
The  walcli  on    YCi/fjni  was  so    iniicli  l)rolv<ii   m|>  liy  iiii- 


favoiable  weather  diirni<i;  tlie  pasl  season,  that  the  lii-st  niiiii- 
imim  of  the  star  observed  by  myself  was  obtained  October 
11;  throe  otliers  were  afterwards  secured,  when,  llie  star 
behig  so  very  low  at  its  uiinimiiin  phase  as  to  render  obser- 
vations of  very  questionable  value,  work  upon  it  was(lroi)pe(l 
for  the  season. 

The  niiniuia  observed  were  as  follows: 


936 

1890  Oct.   11 

12     9"'  Boston  .M.T. 

w 
4 

952 

Nov.    4 

12     8 

3 

958 

13 

11   25 

3 

962 

19 

10  41 

i 

Upon  comparing  these  observations  with  Chandler's  ele- 
ments, published  in  the  Supplement  to  his  Catalogue  {A.J., 
IX,  186),  tiie  residuals  indicated  that  the  star's  period  was 
then  very  nearly  at  its  mean  value,  as  represented  by  these 
elements,  and  it  seemed  a  fair  opportunity  for  attempting  a 
solution  of  the  enigma  offered  by  its  anomalies  during  the 
past  five  years. 

Forty-two  minima,  three  of  my  own,  obtained  by  the  use 
of  a  mean  light-curve,  beiug  omitted,  were  found  available 
for  the  purpose,  viz.  :  those  published  by  Chasui.kh  and 
myself  in  this  Journal,  Vol.  VIII,  p.  131,  and  V^ol.  IX,  pp. 
92  and  166,  together  with  ;ny  own,  given  above.  Using  as 
a  basis  Chandlek's  elements  above  referred  to,  the  residuals, 
upon  being  plotted,  grouped  themselves  as  follows:  those 
for  1886  and  1800  about  the  line  of  computed  minima  ;  those 
of  1887  and  18S9  all  on  the  negative  side;  and  tiiose  of 
1888  on  the  positive  side,  thus  strongly  indicating  a  periodi- 
cal change  in  the  epoch  of  miuiniuni. 

Careful  consideration  of  the  meau  epochs  and  residuals 
resulted  in  the  adoption  for  trial  of  a  sine-term,  which  proved 
to  satisfy  the  observations  as  well  as  any  which  could  be 
found.  Although  not  satisfactory,  and  leaving  still  out- 
standing large  residuals,  it  seems  the  best  approximation 
possible  under  the  circumstances,  and  until  observations  ex- 
tending over  a  longer  period  are  available  for  its  amendment : 
an  obscure  indication  of  a  secondary  sine-term  in  the  resid- 
uals for  1887  and  1888,  is  negatived  by  those  of  1889,  and 
was  abandoned. 

The  fluctuations  of  the  period  from  its  mean  value  cover  a 
span  of  about  610  of  the  star's  periods,  or  nearly  two  years, 
in  passing  through  all  their  features ;  and  the  elements 
finally  adopted  consist  of  Chanijler's  above  quoted,  with  the 
addition  of  the  sine-term.     Thev  are  as  follows  : 


The  residuals  resulting  from  the  use  of  the  above  elements 
arc  comi)ared  with  those  from  which  the  elements  wore  de- 
duced in  the  following  table.  The  column  O — C  contains 
the  original  residuals,  and  that  headed  O — C  those  resulting 
from  tiie  use  of  the  sine-term.  The  letters  indicating  the 
observers  are  C.  for  Chandi.kk.  S.  for  .Sawvkh,  and  Y.  foi- 
myself. 


E 

u— c 

0 

—  n'o 

8 

-1-    0.6 

12 

—    1.1 

16 

-1-    3.3 

22 

—    1.0 

1C5 

—129.4 

167 

—  93.9 

169 

—103.5 

173 

—  132.6 

183 

—  96.1 

189 

—  80.1 

205 

—  108.4 

207 

—  102.2 

209 

—  106.0 

217 

—  114.3 

221 

—1 08.0 

390 

+   91.7 

J  18 

-1-    84.0 

428 

+  100.5 

-140 

+  i38.1 

448'" 

+  188.4 

661 

—  97.0 

681 

—  77.0 

687 

—  38.0 

695 

—  26. -1 

695 

—  92.6 

697 

—  73.4 

697 

—106.4 

701 

—  83.1 

709 

—112.1 

709'-" 

—  109.1 

715 

—  83.2 

715'-' 

—  79.2 

717 

—  62.6 

717'=' 

—  67.1 

725 

—  113.6 

737 

—152.8 

741 

—182.5 

936 

-   11.5 

952 

+   39.0 

958 

+    11.4 

962'"' 

—  37.6 

u— C 

Wt. 

Observcr.s 

— 34T3 

h 

c 

—  7.75 

1 

c 

—  4.76 

1 

c 

+   4.48 

2 

c 

+    7.18 

1 

c 

—16.4 

i 

s 

+  19.6 

1 

s 

+   9.5 

i 

s 

—19.6 

1 

s 

+  15.4 

h 

s 

+  29.0 

1 

c 

—  3.7 

3 

c 

+    1.3 

3 

c 

—  2.8 

1 

c 

—15.3 

1 

c 

—10.0 

3 

c 

+  17.0 

5 

c 

—  11.3 

2 

c 

—  1.0 

2 

Y 

+  25.0 

2 

Y 

+  80.0 

2 

Y 

—67.7 

2 

C 

—33.0 

2 

Y 

+  19.0 

5 

Y 

+  38.2 

5 

Y 

-28.0 

3 

C 

—  6.9 

5 

Y 

—39.9 

3 

C 

—12.6 

1 

Y 

—34.9 

5 

Y 

—31.9 

5 

C 

—  1.2 

3 

Y 

+   2.8 

3 

0 

+  20.9 

4 

Y 

+  15.4 

•      4 

C 

—24.0 

5 

Y 

—55.8 

3 

Y 

—82.5 

2 

Y 

+   0.8 

4 

Y 

+  27.0 

3 

Y 

—  2.4 

3 

Y 

—56.2 

1 

Y 

1886  Dec.  9  ll"  14"'.5  G.M.T. 


+  1*  IP 
— 113"' 


57"  18' E 
sin  34'.8  (E- 


-15) 


'  Of  very  doubtful  value.  Only  a  single  comparison-star  was  u.sed, 
and  the  star  was  very  low  at  minimum.  Weight  was  assigned  by 
Chandler. 

*  Weight  assumed  by  myself. 

^  Very  doubtful.     Star  very  low  at  miuimum. 


Dorchester.  Mass.,  1890  December  23. 
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O^  THE  PERIOD  OF  2100    U  ORIONIS, 

B  V     S  .     C  .     C  II  A  N  I)  L  K  U  . 

In  the  Monthly  Xotices,  R.  A.  S.,  for  June  I8'J0,  Mr.  Gouk 
has  found,  bj'  :i  least-square  solution,  373.47  (lavs  as  the 
period  of  this  star.  I  would  courteously'  call  attention  to 
the  fact  that  this  value  is  so  highly  improbable  as  to  be 
practically  au  impossible  one.  According  to  the  elements 
given,  the  star,  from  its  known  Ifglit-variations  near  maxi- 
mum, would  have  been  about  6"  and  7",  respectively,  on 
1850  Dee.  30,  and  18.54  Nov.  24,  and  could  not  have  been 
passed  over  at  Markree.  It  would  likewise  have  been  about 
8"  on  1833  Nov.  G,  and  18,5,5  Feb.  18,  and  certainly  ob- 
served, if  at  that  brightness,  by  .Schonpki.d  in  the  DM. 
zones  on  those  dates  ;  on  the  latter  of  which,  indeed,  the 
variable  was  probably  the  star  actually  observed,  but 
only  as  9". 5.  These  elements  also  give  it  as  8*'  on  1857 
Feb.  9,  when  Krukger,  in  a  revision-zone  with  the  five-foot 
telescope,  failed  to  see  it,  although  recording  the  two  small 
companions  only  3'  following.  The  further  conflict  with 
Lalandk's  and  Bessel's  non-observation  of  the  star  on  1797 
Feb.  17,  and  1826  March  3,  can  not  perhai)s  be  siiiiihirly  in- 
sisted upon,  as  it  possesses  little  significance. 

It  may  be  stated  with  confidence  that  the  above  data  allow 
us  to  rule  out  all  assumptions  of  period  between  361  and 
367  days,  and  over  371.5  days.  As  Mr.  Gore  also  omits 
froTU  his  collection  of  observed  maxima  about  one-third  of 
those  which  have  been  published,  it  may  be  worth  while  to 
give  here  the  full  data,  and  their  comparison  with  my  ele- 
ments in  A  J.  Vol.  IX,  p.  186, namely  1885  Dec.  7.0-|-37l''.0£. 

Combrulge.   1890  Dec.   23. 


These  elements,  it  may  be  mentioned,  assign  dates  of  max- 
imum from  three  to  five  months  distant  from  all  the  Markree 
and  Honn  dates  above  given,  and  also  from  thatof  Lalande, 
and  two  months  from  that  of  Bessei,  :  and  hence  are  con- 
sistent with  all. 


Ep. 

Oljs'il  maxiinuiu 

o—v 

Ulj.-i. 

0 

1885  Dec. 

13: 

(1 
+   6: 

Gore 

I 

1886  Dec. 

11 

—  2 

Gore 

16 

+   3 

Mark  wick 

13 

(J 

Sawyer 

9 

—  4 

Parkhur.st 

1887  Dec. 

14 

—  5 

.Sawyer 

16 

—  3 

JIarkwick 

30 

-f  11 

Gore 

1888  Dec. 

29 

4-    5 

Markwick 

27. o 

+   3.5 

Yendell 

26 

-1-    2 

Sawyer 

1889  Jan. 

I 

-1-   8 

Gore 

4 

1890  .Jan. 

6 

+    7 

Sawyer 

•' 

13 

+  14 

Gore 

The  progression  in  the  residuals  (O — C)  cannot  be  dis- 
posed of  without  using  a  period  which  violates  the  conditions 
.above  set  forth.  It  perhaps  reveals  the  presence  of  a 
periodical  term,  such  as  I  have  proved  to  exist  in  such  a  large 
proportion  of  the  long-period  stars  that  it  may  be  regarded 
as  inseparably  associated  with  this  type  of  variables. 


OBSEUVATIONS  OF   VARIABLE   STARS   IN   1890, 

Uy  kdwin  f.  s.vwvku. 


1.      R   ^eiili. 

On  this  star  32  observations  were  obtained,  extending 
from  .lune  7  to  December  4.  Series  much  broken,  notably 
from  .June  18  to  .Inly  16,  .July  20  to  August  2,  and  from 
November  16  to  December  4.  The  charted  ob.servalions 
permit  the  certain  determination  of  one  maximum  and  two 
minima.  When  first  observed  on  .June  7,  Ji  was  evidently 
near  a  maximum;  light  =;  17.7.  The  light  slowly  faded 
after  .lune  18,  and  a  bright  niiniminn  was  reached  August  18  ; 
light  — -  11.8.  A  slow  and  regular  rise  occmred,  ami  a 
rather  bright  maximum  was  passed  on  .September  27  ; 
light  =  19.5.  The  light  very  rai)idly  faded  after  Septem- 
ber 30,  and  a  second  and  faint  minimnin  was  reached  Novem- 
ber 9  ;  light  =  6.2.  This  was  followed  bV  a  rai)id  rise, 
and  when  last  observe<l  on  December  4,  It  was  very  bright 
and  evidently  wearing  another  maximum;  light  =  18.1. 
The  interval  between  the  two  minima  was  83  davs. 


2.      li  Corunae. 

This  star  was  under  observation  from  May  16  to  Novem- 
ber 16,  27  observations  being  secured.  11  was  subject  to 
several  minor  fluctuations  of  light  din-ino;  the  year  amount- 
ing to  half  a  magnitude.  When  first  observed  on  May  16, 
R  was  at  about  its  normal  brightness  or  midway  between 
the  stars  DM.  32°  2621  and  30°  2682  ;  or  about  6". 4.  The 
light  slowly  increased,  passing  a  maxinnini  about  July  ,3, 
when  It  was  G".l.  After  July  It!,  the  light  declined  irregu- 
larly, pasing  a  miniiiiun)  on  Se|iteniber  8.  It  being  6". 6.  A 
rapid  rise  occurred  and  a  second  maximum  was  p.issed 
October  12,  It  being  about  6". 2.  A  decline  followed  after 
October  15,  and  continued  up  to  the  date  of  the  last  ob- 
servation on  November  16. 


■I'his 


3.     36  (V.A.)   Crii. 
star  was  observed  on  10  evenings,  from  .Soptember  18 


\-M 


Til  !•: 


A  S  TKO  N  ()  .\l  1  f  A  1.     .lOi;  I!  N  A  I,. 


N"   ■.'.■!.{. 


to  IJeceinl)or '.(.  WIh'ii  (ir.sl  sc^oii  il  wms  =  2.s  (L'.A.)  Celt 
or  fi".;").  Tlic  iiicri'Hse  was  i':i|)i(l  ami  uiiifonn,  a  inaxiiniiin 
beiiif?  passeil  ()etol>ei'  'I'l,  an<l  the  inaxiiiiuin  l)i-ij;litnes8  being 
1  step  >  18  {U.A)  Celt,  aiul  ;">  steps  <!;')  {U.A.)  Ceti  or 
o".5.  The  decrease  was  slow  and  regular;  anil  when  last 
observed  on  Deceniber  9  the  star  was  ;=  10  (U.A.)  Ce.H, 
and  I  steps  <7  (  U.A.)  Celt  or  ()".3. 

■1.  (/  IlercuUs. 
The  observations  of  tliis  star  extend  I'loni  Mas  10  to 
November  16  and  number  '2(!.  When  first  ol)seived,  on 
May  16,  </ was  near  a  niaxinium.  From  May  20  the  light 
suddenly  declined  and  a  rather  faint  niinininm  was  i)assed 
about  June  S.  A  sudden  increase  followed  and  a  maximum 
was  i)assed  July  27.      A   second   niiiiiuuirii   was   icaclied   on 

Bri<ihlo)i.  Mdxa..  l.SSK)  Der.  ■-'.".. 


September  ;i,  followod  by  a  rapid  ilse  and  an  apparent  (•(>»- 
stancy  of  light  until  the  ()b!>ervations  ended.  The  interval 
between  the  two  minima  was  8.'J  days.  The  extent  of  llue- 
tuatiou  while  under  observation  was  about  half  a  magnitude. 


This  star  was  observed  from  May  21  lo  September  !!•, 
the  observations  numbering  14.  When  lirst  seen,  on  May  21, 
;(  was  3  steps  <  DM.  ;i3°3602  or  about  7". 2.  A  very  rapid 
and  regular  rise  followed,  a  nia.vimum  being  reached  on 
June  20:  the  maximum  brightness  being  4  steps  >  DM. 
29°3684,  and  4  steps  <  DxM.  34°3798  or  4>'.6.  The  light 
faded  very  slowly  and  when  last  seen,  x  was  :=  D  M 
32°;5')7S  or  about  8«.0. 


ELEMENTS   xVXD   EPHEMERIS  OF   CCBIET  e  1890  aosA), 

I'.v  W.  W.  CAMPBELL. 

1891 


I'll  Mil   the   mean  of  the  observations  made  at  Cambridge, 
Mt.  Hamilton  and  Columbia  College  ou    Nov.  18,  and  the    |  j.^,, 
Cambridge  oliservations  made  on    Nov.  28  and  Dec.  15,  I 
have  obtained  the  following  data  : 


T  —  Gr.  M.T.  1890  Aug.  7".0933 
w  =  331°  18'  42". 2  ) 
Q,   —     85    22  33  .8  \  l.SiiOO 
I  ==  154    18  52  .2  \ 
log  q  =  0.311132 

r  =  Gr.  M.T.  1890  Aug.  7".0933 
to  =  331°  18'43".3") 
Q  =:     85    23   25  .0  \  181)1.0 
i  =    154    18   52  .2  ) 
logf/  =  0.311132 

Kesiduals  (O— C),      //;.'  =  — 0".3,       /p"  =  —6". 9 


Constants  fou  the  Equator,  1891.0 
X  =   [9.955140]   ?-sin(336°  25' 2S".7  +  -y) 
y  =  [9.975488]  i-sin(   75    57   24  .3  +  i>) 
z  =  [9.733725]  j-sin(   IS    24      2  .G  +  v) 

Ephkjikuis  1'-oi{  Gueenwich  Mean  JMiunic.iit. 


Jan. 


4.5 
6.5 
8.5 
10.5 
12.5 
14.5 


A  pp.  K 

r57"59 
54  36 
51  31 
48  43 
46  11 
43  54 


App..{S 

+  28"  53.4 
28  32.8 
28  13.6 


27  39.1 
27  23.4 


log  r 
0.4313 

0.4360 

0.4407 


log  A 
0.3362 

0.3573 

0.3777 


Br. 

0.35 

0.32 
0.28 


Feb. 


16.5 

18.5 

20.5 

22.5 

24.5 

26.5 

28.5 

30.5 

1.5 

3.5 

5.5 

7.5 

9.5 

11.5 

13.5 

15.5 

17.5 

19.5 

21.5 

23.5 

25.5 


Mar.  1 . 


App.  a 

l"  4l"'50' 
39  58 
38  18 
36  48 
35  29 
34  19 
33  18 
32  25 
31  39 
31  1 
30  29 
30  3 
29  42 
29  •_'7 
■>\\  17 
29  12 
29  II 
•-'9  14 
29  21 
29  31 

29  44 

30  0 
1  30  19 


App.  ,\ 

+  27°  8.8 
26  55.2 
26  42.0 
26  31.1 
26  20.7 
26  11.2 
26  2.6 
25  54.8 
25  4  7.9 
25  41.8 
25  36.5 
25  31..S 
25  28.0 
25  24.8 
25  22.3 
25  20.3 
25  19.0 
25  18.2 
25  18.0 
25  18.2 
25  19.0 
25  20.2 

+  25  •J2.0 


lo^  I- 
0.4454 

0.1500 

0.454  7 

0.4594 

0.4640 

0.4686 

0.4732 

0.4778 

0.4824 

0.4870 

0.4915 

0.4960 


loir  A 
0.3975 


0.4349 
0.4525 
0.4691 
0.4850 
0.5001 
0.5143 
0.5278 
0.5406 
0.5526 


0.22 
0.20 
0.18 
0.16 
0.15 
0.14 
0.13 
0.12 
0.11 
0.10 


0.5039       0.09 
kind  assistance 


I  am  indebted- to  'Slv.  W.J.  Hissev  for  hi 
in  computing  a  part  of  the  ephemeris. 

The  residuals  given  above  cannot  be  sensibly  reduced, 
since  JV  changes  very  much  more  rapidly  than  Jp". 

The  residuals  for  my  preliminary  orbit,  distributed  by  the 
Science  Circular,  were       //.'  .=   +0'.  1  ,     .13'  =  O'.O. 


.4»}i  Arbor,  1891  Jan.  0. 
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GREENWICH  M KAN  TIME  OF  THE  CONJUNCIION  OF  ./r/V7'is7i"<S  SATELLITES 

RELATIVE  TO  JUPlTEIfS  EQUATOR  AS  ^rilEV  MAY  BE  SEEX 

EROM  TllL    EARTH    IN   JANUARY,    ISOL 


l$v  I!i:v.  A.  KUKK.M 
It  is  desired  to  secure,  if  possible,  tliiit  no  occiiltatioii  of 
one  of  Jupiter's  satellites  by  another  siuiU  be  missed,  from 
want  of  directing  a  sufficiently  powerful  instrument  to  the 
planet  at  this  critical  time,  when  tjie  earth  is  so  nearly  in  the 
plane  of  Jupiter's  equator.  Actual  observations  of  these  oc- 
(  iiltation-phenomeua  are  comparatively  rare,  although,  we 
might  e.vpect  them  about  once  in  six  years.  I  think  they 
would  have  a  value  to  correct  the  nodes  and  inclinations  as- 
siiiued  to  the  orbits  of  the  satellites  relatively  to  Jupilcr's 
eijuator,  and  to  deteimiue  the  true  position  of  tlie  [ilane  of 
that  equator,  if  regularly  watched  for. 

With  a  parallel-wire  micrometer  in  the  hands  of  an  astron- 


AN,  M.A.,  r.K.A.S. 

omer  accustomed  to  double-star  mcasiin'Mjcnl  vciy  uirui  ;iii- 
work  may  be  done,  lly  own  opinion  is,  that  at  all  liiues 
these  conjuTictions  would  be  vastly  superior  to  transits  or 
occnltations  for  determining  the  true  motions  of  the  satellites. 
Whether  they  would  be  superior  to  eclipses  or  to  passages  of 
shadows  across  the  central  meridian  of  Jupiler  I  cannot  say. 
A  point  in  favor  of  shadow-phenomena  is,  that  the  position 
of  the  shadow  relative  to  the  ap|)arent  center  of  Jupiter's  disc 
can  be  assigned  by  niicrometric  measures  with  some  precision. 
It  ought  to  be  remembered  that  Jupiter's  geocentric  raditi-^ 
lies  on  his  equator  on  January  0.  IS'.tl . 


Thiio 


Satellite 


Distance     Position 


1  16  2 

2  12  47 
2  16  32 

2  17  19 

3  0  2 

4  14  29 

5  14  15 

6  9  9 
8     0  22 

8  20  45 

9  18  51 


III   II 
III   I 
III    IV 


1\' 

II 

II 

III 

111 

II 


III   II 
III   II 


(.0 

I..') 
."i.t; 

4.5 
2.25 
9.2 
2.1 


W 
\V 

\v 

\V}* 

\\' 

I'"4 

Ef 

wt 


Satellite 

Distance 

Positiuu 

I       II 

5.6 

Wf 

I       II 

5.6 

Et 

IV    III 

9.4 

W 

,     I       III 

5.9 

W 

I       III 

5.8 

E 

1       II 

5.77 

Et 

11      III 

2.5 

Et 

III    II 

9.4 

Wt 

IV     IV 

14.8 

W 

1     II 

1.7 

Wt 

till' liori/.Mii  of  Crrcinvich:  (ti  I'hat  Hk'  .-ali-llites  appear  In  move 
in  the  same  ilireclioii  witli  relatively  star  motion;  (J)  Denoti'S  a 
very  dose  apprnsuli  ti)  a  i-onjinii-lion. 

To  i-iiiivprt  into  WMshiiiuloii  M.T.  ilcduct  .">•'  «'"  from  i-acli  time. 


'riic  satellite   nearest,   the   earth    is   named    llrst.     .Vppareiit  dis- 

tiiMces  from  tlie  center  of  Jnpitcr  ajp  \i\\v\\   in    nmltiples   of   his 

r(|iiat()rial  radius.     E  and   W   mark  the  position  of  the  satellites 

rrlutive  to  the  center  of  Jupiter.     (*)  Shows  that  the  planet  is  al)(>ve 

Murstoii  Rectory,  Sittingbounic,  EuijJund. 

NOTK   ON   OBSERA^ATION   OF   SPITALEIJ'S   ('()>[ET    /isim,. 

Uv  O.   C.   VVKNDKbl.. 
Ciimmuiiiralid  by  riof<'>s(ir  I'.DW.vitii  C.  I'lCKi'.uiNd.  Director. 

Kroin  a  subseiiiient  examination  of  llie   region,  the  object      the  rather  low   altitude  and   liad   atmospheric  cond 
observed  for  Si)italer's  comet  on  Dec.  22.  and  published  in  '   gether  with  the  fainlness  of  the  comet,  prevented 
the  Astronomical  Journal,  \o\.  X.  p.  123.  is  found  to  be  a  ;    tive  iilentilication  at  time  of  observation. 
faint  star.     As  was   mentioned  sit  the  time  of  publication,  ■ 

Uarraril  College  Olmrmlonj,  1891  Jnu.  6. 

KH.AR-MICROMKTKR     OBSERVATIONS     OF     ("O.MKIW/ |SiH»     k.iav.v.s/- 

M  \i)i;  wrrn  ruK  '.'C-iNcri  i:i(r  vroiti  \\.  oK  run  i.K.vNniiu  M'coiimick  ouskiiv.v roitv  oi'  ruK  iisiviaisi  rv  ok  vikoim  \ 

I Commnnlcnii'd  by  the  Diroelor.] 


ilionf   to- 
ils posi- 


.\o. 
I'omp 


/a 


/8 

-K)'    3'.'2 

—2  53.4 

+  0  42.1 

-1-1   3S.46    :    +  I   50.0 


loKPA 


4,3  +1  37.42 

3,2  I    —0-  22.51 

3.2  I     4-1   44.10 
4  ,  1 


I  .  3 


-f  1   1 .92 


—6  20.0 


23  It)  24.75 

23  10  28.94 

23  Id  31.41 

23  16  9.34 

23  19  1.60 


,    8    :  '^"'" 

!  — -io"  3C' 5o'!2  I  9.187 

I  —20  36  22. <J  i  9.343 

—20  36  11.2  9.436 


-20  4  53.0 


.363 


19  IS  42.6   9.438 


0.870 

s 

0.862 

s 

0.853  1 

1) 

0.858  . 

1) 

0.849 

p 
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M^-.an  Places  for  1890.0  of  Comparison- Stars. 

* 

a 

Hed.  to 
app.  place 

8 

arp.a"ce                                              Autl.orit, 

1 

2 
3 
4 

23     8  45.42 
23   10  49.57 
23  14  28.95 
23  19  17.82 

+  L89 
+  1.89 
+  1.91 
+  1.92 

—20  36  58.8 
—20  33  24.7 
—20     9  49.2 
—19  46  55.0 

+  5.4 
+  5.4 
+  5.8 
+  6.0 

Wash. Zones;  «Mer.Ciic. ;  3, ^(Mer. ('iic  +  MiiiHi) 

Ciiicin.  Zones,  3914 

Ciiiciii.  Zones,  3923 

Anonymous,  compared  with  Cincin.  Zones,  3934 

S  =  Okmoni)  Stosk;        D.  =  C.  L.  DeMott; 


N.    M.    PARItlSII. 


Dec.  10.     Diffuse;  sli-jht  nucleus. 
Uec.  13.     Haze;  coiiiet  faint. 


:4e  4  —  *  :«):u  =  +1" 
*  3934      a  =  23'"  17'" 


20"  07   (4);        —4'  26'.4   (1) 
57". 75;       8  =  —19°  42'  28'.C. 


NOTF>   0^^   COMET  1889  V  (hiiooks,  iss9.r„i,j6). 

By  E.  E.  BAIJN.Uil). 


On  the  nioiniiigof  Dec.  21  I  secured  another  observation 
of  the  Comet  18S9  V,  with  the  SG-inch  equatorial.  It  was 
niucli  easier  to  observe  tliau  on  Nov.  21  and  22,  tliougii  still 
verj'  dilllcult.  A  good  fihir-niicronieter  position  was  ob- 
tained wliich  will  perliaps  be  correct  to  witliin  one  or  two 
seconds  of  arc.     Motion  was  appaient  during  tlie  observa- 

Mt.Hamntn,,.  ISitO  Dec  21. 


tions,  as  the  comet  was  passing  quite  close  to  a  16-niag. 
star.  It  is  possible  that  some  of  the  other  large  telescopes 
may  be  able  to  deal  with  it  now,  hence  this  note.  The  com- 
parison-star of  tliis  morning  has  to  be  observed,  but  the 
comet's  position   is  close   to    Mr.  Bellamy's   eplienieris   in 


1890  Mt.  llamiltouM.T 
Dec.  20  16  'le'ic"       3  ,  5 


F1I>AU-MKR0METER    ()15.SERVAT10N    OV   COMET  18.S9  V. 

S^'&  apparent 


No. 
Coiiip. 


//a  I  Jh 


a      I     lor, 


Keil.  to 
app.  place 


—0   15.y;J        +1   31.7        8  54   10.11       +25  25  1.0        9.394    0.;K'. 
Mean   Place  for  1S90.0  of  Comparison- Star. 

2       .  V.eA.lo  Authority 

o  app.  place 

8'"54  22'.7."i  +;J  29         +25   2:^45.2         —15.9       Comp.  witli  U-l''-  25°2027 

The  star  was  measured  direct  with  the  iiiicromcter  in  both  coordinates. 

Comet  about  fi"  or  8"  in  diameter;   extremely  diffleiilt,   and   lietween    10"  and    17":   the   limit  of    the   : 
assumed  as  about   17".     The  comi)arison-star  is  y".7. 

Star— B.15.  25°  2027,         /la  =  —0'"   l.s».7r>  (18),  18  =  —7'  5!)".l  (.-5). 

I  also  measured  the  position  of  DM.  25°  2026. 

DM.  2.5°202(i  — H.H.  25°  2027,           la  =  —0"'  2\42  (12),  16  =  —3'  20".6  (4), 

whence  the  place  for  1890  of  DM.  25°  2026  is         a  —  8"  54'"  39'.08,         d  —   +25°  28'  23".7. 
Mt.  Hamilton,  1800  Dec.  24.  

COKKIGENDIIM. 

No.  230,  p.  Ill,  in  Miaii  Place  of  C^omparisoii-Star,    for    9'"  0'"  53^G0  ^Zi^     put    9''  0'"  33».G0  \XIm  ■ 


'fi-inch  being 
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A  STUDY  OF  THE    DISCREPANCIES    BETWEEN  TABULAR   AiST^  OBSERYED 

SOLAR  POSITIONS,   1800-188G, 

By  ORRAY  TAFT  SHERMAN. 


Tbe  ai)i)li<';iti(>ii  of  tlu'  giiivitiitioual  analysis  answers  the 
question  liow  far  the  motion  of  the  lieaveulv  bodies  can  be 
explained  as  the  eflfect  of  a  force  varying  directly  as  the 
masses,  and  inversely  a.s  the  sqnare  of  tiie  radius.  If  tiiere 
;iu'  other  effective  causes,  their  result  must  be  songiit  among 
the  residuals.  These  residuals  are  extremely  small,  and  are 
known  to  be  affected  by  errors  of  various  sorts,  errors  of  ob- 
servation, computation,  instrumental  condition,  tabular  re- 
duction, etc.,  some  systematic,  some  accidental.  '  A  single 
residual  of  the  size  to  which  we  have  long  since  been  ac- 
customed, could  serve  as  a  basis  for  no  prediction.  Yet  in 
spite  of  the  high  perfection  to  whicii  each  branch  of  astro- 
nomical science  has  been  brougiit,  discrepancies  of  com- 
jiaratively  large  amount  do  occur,  and  seem  not  to  be  avoid- 


In  1808,  improved  tables  were  ado[)ted  by  the  Connais. 
sunce  des  Temps,  and  in  1813  by  the  Nautical  Almanac. 
From  1808  to  1833,  we  have  referred  everything  to  this 
table.  From  1833  to  1856,  eveiything  is  referred  to  Cak- 
LiNi's  corrected  tables,  which  may  be  considered  as  practi- 
cally 1)ki.ami!Re's  table  of  1808  corrected.  From  1856  to 
1886,  everything  is  referred  to  LeVerrier's  table.  It  would 
seem  that  each  of  these  periods  was  too  short  for  the  ac- 
cumulation of  any  considerable  error  from  deficient  knowl- 
edge of  planetary  masses. 

When  we  chart  the  series  obtained  as  above,  and  given  in 
detail  in  the  tables  ap[)ended,  we  fiud  some  very  suggestive 
relations  to  the  sunsiwt  curve.  The  maxima  and  minima 
of  the  earliest  series  seem  to  happen  when  the  value  of  the 


abit 

part  of  each  residual  may  not  represent  an  unrecognized 
(source  of  disturbance.  By  gathering  together  as  large  a 
number  of  observations  as  may  be,  made  under  as  many 
different  conditions  as  possible,  that  part  which  is  purely  ac- 
cidental may  be  approximately  eliminated.  Hy  combining 
iiiauy  sj'stems,  that  part  which  is  systematic  may  be  rendered 
api)roximately  constant.  If  then  there  be  outside  disturbing 
causes,  either  cumulative  or  varying  periodically,  their  exist- 
ence should  in  the  course  of  time  appear  as  errors  far  too 
birge  or  too  persistent  to  be  considered  the  effect  of  residual 
imperfections.  The  answer  to  our  question  is  transferred 
from  a  single  residual  to  the  combined  statement  of  many 
thousand  residuals.  Our  ability  to  read  the  oracle  is  a  ques- 
tion of  geneial  information. 

All  the  residuals  of  solar  oliservations  which  I  could  ob- 
tain are  tlierefore  converted  into  latitude  and  longitude,  and 
presented  herewith.  The  results  from  a  single  observatory 
iiave  appeared  so  far  affected  by  unknown  error  as  to  be  of 
very  little  weight.  So  it  has  not  seemed  that  the  discussion 
of  the  Greenwich  series  before  eighteen  hundred  could  add 
or  subtract  from  the  value  of  the  result.  Our  study,  there- 
fore, commences  with  the  beginning  of  the  I'aris  series  in 
eighteen  hundred.  The  first  eight  years  arc  conveniently 
referred  to  1)ei,amui!k's  table  of  that  date.  Although  their  i  cesses  of  the  sunspot  numbers  alH>ve  the  mean  aforesaid,  the 
evidence  is  strictly  in  accord  with  tiiat  which  we  present,  it  apparent  correction  to  the  tables  at  the  instant  is  pA  +  C. 
lias  seemed  too  fragmentary  for  preseulalioM.  |    C  l.eiui;  the  apparent  correction  at  the  moment  when  A  com- 


The  question,   therefore,   presents  itself   whether    a  '    sunsjiot  number   is  six.      The  second   series  presents  two 

maxima  which  might  belong  to  this  series,  and  also  presents 
a  rapid  rise  at  each  sunsjiot  miniunnn.  In  the  third  seiies  this 
rapid  rise  at  sunspot  minimum  is  predominant,  and  there  are 
three  secondary  maxima  which  might  belong  to  the  first  series. 
We  are  thus  led  to  seek  a  method  of  calculating  the  sunspot 
effect.  Whatever  the  nature  of  the  effect,  we  may  consider 
it  a  variation  of  the  solar  constant  A-,  —  in  excess,  if  the  sun- 
spot  activity  is  greater  tiiau  the  mean  activity  to  be  ascril»ed 
to  the  tables  ;  in  default,  if  less.  The  increase  of  the  true 
anomaly  is  proportional  to  the  force;  the  disturbance  on 
this  motion  is  therefore  proportional  to  the  variation  of  the 
force  during  the  time  the  sunsi)ot  is  active.  We  should, 
therefore,  in  strictness  form  an  integration  of  such  effects 
by  a  study  of  the  sunspot  records.  Whether  the  study  of 
the  magnetic  records  may  not  allow  us  to  do  so  in  the  future 
is  an  open  question.  To-day  such  a  study  is  practically 
ultra  vires.  We  are,  however,  dealing  with  accnmidated 
effects  ;  and  since  the  effect  of  each  sunspot  is  extremely 
small,  shall  attain  i)ractical  accuracy  by  dealing  with  the 
accumulated  sunspot  record.  I'nity  in  Wolf's  sunspot 
series  may  be  taken  to  represent  a  sunspot  of  mean  elliciency, 
active  during  the  whole  year.  If,  then,  ;•  represent  tbe 
effect  of  such  a  spot  so  acting,  and  -1  the  sum  of  the  es- 
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nicnct's,  the  consianl  of  inlcgialioii  us  it  wure.  KopicsiMil- 
iug  the  values  of  llic  l.S()!)-l<S.'J3  scries  by  such  an  expression, 
and  delcniiiiiing  ]j  and  C  by  simple  uietiiods,  we  find 

;>  =   +0".014(;     C'=forl«n,      +1".76, 

whih'  liic  t'ciuivaieiil  stato  of  solar  cllificncy  is  Woi.i's  nuiu- 
bcr  G.  Diiiiiiy;  the  ycai-  isrj  tlie  slate  of  spot  activity  is 
one  less  than  the  mean  ;  tiic  calculated  correction,  therefore, 
sinks  bj'  the  hundredth  of  a  second,  and  becomes  +1".75. 
During  the  year  1MI;5  tiie  mean  state  of  sjjot  activity  is  7  in 
excess,  the  sum  ^1  becomes  6,  and  the  calculated  correction 
+  l".84.  During  the  year  1811  A  becomes  equal  to  11,  and 
the  calculated  correction  +l".i)5. 

Ari'AHKNT  CoKKKCTioxs  TO   Delambre's  CoRRKCTEi)  Tahi.i; 
OF  180G   (Oonnaissance  des  Temps) . 


No.ob- 

No.  of 

Wolfs 

Corr.  to 

Calculated 

1 

Year 

serva- 

ob.ser- 

sunsp't 

tabular 

suiLspot 

Residual 

tories 

vat'ns 

lunnbet 

lonsitiitle 

eflect 

180!) 

2 

125 

2 

+  0.63 

+  1.91 

—1/28 

1810 

2 

142 

0 

+  2.65 

+  1.85 

+  0.80 

1811 

2 

181 

1 

+  1.65 

+  1.76 

— O.Il 

1812 

2 

127 

5 

+  0.27 

+  1.74 

—  1.47 

1818 

2 

147 

13 

+  2.12 

+  1.85 

+  0.27 

1814 

2 

147 

14 

+  2.89 

+  1.96 

+  0.93     : 

1815 

2 

178 

35 

+  2.69 

+  2.39 

+  0.30     .' 

1816 

3 

271 

46 

+  2.98 

+  2.97 

+  0.01 

1817 

3 

283 

41 

+  3.09 

+  3.48 

—0.39 

1818 

3 

311 

30 

+  3.88 

+  3.83 

+  0.05 

1819 

3 

217 

24 

+  3.89 

+  4.10 

—0.21 

1820 

3 

266 

15 

+  4.92 

+  4.22 

+  0.70 

18-21 

3 

230 

6 

+  4.40 

+  4.22 

+  0.18     : 

1822 

3 

318 

4 

+  4.40 

+  4.20 

+  0.20 

1823 

3 

261 

2 

+  4.55 

+  4.14 

+  0.41     j 

1824 

3 

206 

9 

+  3  06 

+  4.18 

-1.12     i 

1825 

3 

250 

16 

+  3.89 

+  4.29 

—0.40     1 

1826 

3 

302 

36 

+  5.12 

+  4.72 

+  0.40 

1827 

3 

217 

49 

+  4.42 

+  5.35 

—  0.93     ' 

1828 

3 

177 

62 

+  6.11 

+  6.17 

—0.05 

1S29 

2 

228 

67 

+  4.09* 

+  7.06 

—2.97 

1830 

0 

228 

71 

+  4.04* 

+  8.00 

—3.96      ; 

1831 

3 

214 

48 

+  8.56* 

+  8.62 

—  0.06     ' 

1832 

2 

247 

28 

+  7.49* 

+  8.94 

—1.45 

*  1".13  has  been  added  to  each  of  tbe  last  four  numbers  as  a  cor- 
rection for  the  wanting  ol)servatory. 

In  the  same  way  we  have  formed  the  remaining  figures 
given  in  the  sixth  column.  AVhile  we  might  have  obtained  a 
closer  correspondence  by  the  means  of  a  more  elaborate 
analysis,  this  seems  sufficient  to  show  that  there  exists  a 
close  correspondence  between  tbe  observed  and  calculated 
values.  The  last  four  values  of  the  series  come  from  de- 
fective data,  and  though  a  correction  is  applied,  are  still  not 
entitled  to  full  weight.  On  the  other  band,  it  is  to  be  said 
that  the  sunspot  is  not  the  only  cause  of  error.     The  com- 


mencement of  the  next  series   may  indicate  causes  acting  to 
diminish  the  correction  in  this. 


Ai'iMUicNr  CoKKi'.cTioNs  IN   Li )N(;i ruDE  TO  C'ahi.ini 

DlCI.AMHIiK's    CoKUECTKI)    Ta|5I.ES    OK    1832. 


No.  ob- 

No. of 

Wolfs 

Corr.  to 

Calculated 

Year 

serva- 

obser- 

sunsp't 

tabular 

sunspot 

Kesidual 

tories 

vat'ns 

number 

longitude 

eUect  —  C 

—  C 

'  1833 

3 

384 

9 

+  o''83 

0.83 

0.00 

1  1834 

4 

477 

13 

+  2.32 

0.17 

+  2.15 

1   1835 

3 

343 

57 

+  2.31 

0.13 

+  2.18 

1836 

4 

468 

122 

+  1.29 

1.10 

+  0.19 

1837 

4 

551 

138 

+  1.56 

2.09 

—0.53 

1838 

4 

476 

103 

+  1.96 

2.69 

—0.73 

1839 

4 

468 

86 

+  1.53 

3.03 

— ;.50 

1840 

6 

705 

63 

+  0.53 

3.10 

—2.57 

i   1841 

5 

490 

37 

+  1.73 

2.64 

—0.93 

1    1842 

5 

639 

24 

+  1.62 

2.13 

—0.51 

1   1843 

5 

580 

11 

+  1.68 

1.45 

—0.23 

'.    1844 

6 

54  7 

15 

+  1..58 

0.82 

+  0.76 

1845 

4 

328 

40 

+  0.88 

0.54 

+  0.34 

1846 

5 

538 

62 

+  1.11 

0.84 

+  0.27 

1847 

5 

453 

98 

+  1.23 

1.37 

—0.14 

1848 

5 

343 

124 

+  0.55 

2.29 

—  1.74 

1849 

5 

339 

96 

+  1.63 

2.79 

—1.14 

1850 

5 

334 

67 

+  1.89 

2.89 

—  1.00 

1    :851 

4 

325 

64 

+  2.58 

2.94 

—0.36 

1852 

3 

356 

54 

+  1.35 

2.86 

—  1.51 

1853 

3 

279 

39 

+  1.66 

2.52 

—0.86 

'   1854 

4 

391 

21 

+  2.39 

1.91 

+  0.48 

1855 

i 

3 

312 

7 

+  2.81 

1.49 

+  1.32 

Charting  the  second  series  (1833-1856),  it  is  evident  that 
one  effect  of  tbe  correction  is  to  raise  the  effective  solar  cou- 
stant  to  equal  sunspot  activity  60  or  70.  Proceeding  with 
the  value  of  p  obtained  before  +0".014,  we  have  calculated 
tbe  sixth  column.  The  seventh  column,  holding  the  re- 
siduals presents,  however,  in  this  case,  a  regular  variation, 
whose  maximum  occurs  in  the  neighborhood  of  sunspot  mini- 
mum, and  whose  minimum  occurs  near  sunspot  maximum. 
The  agreement  is  so  close  as  to  allow  tlie  suggestion  that  we 
would  have  obtained  a  similar  result  had  we  applied  the 
same  analysis  to  a  straight  line.  The  objection  fails,  how- 
ever, when  we  consiider  that  it  would  utterly  fail  to  account 
for  what  is  the  most  marked  variation  in  the  observed  curve  ; 
which  variation  falls  directly  into  the  scheme,  and  may  be 
thereby  accounted  for  on  satisfactory  grounds.  Again,  the 
curves  are  not  reciprocal. 

We  have  noted  the  third  series  in  the  same  way,  save  that 
the  mean  value  of  the  spot  activity  is  given  by  observation 
at  46.  The  result  is  identical  with  that  of  the  second  table. 
There  is,  however,  this  difference,  that  when  the  tendency 
of  the  second  period  was  towards  a  positive  correction  the 
tendency  of  the  third  period  is  towards  a  negative  correction, 
in  accordance  with  the  "residual"  effect.  ' 
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Apparent  Correction  in  Lokgixude  to  LeVekkiek's 
Tables. 


No. ob- 

Wolf.s 

Corr.  to 

Calculated 

Year 

serva- 

siinspot 

tabular 

sHiispot 

Re.-iidual 

tories 

luimber 

longitude 

effect 

— C 

1856 

4 

4 

+  o"l8 

c— i.'es 

+  1.81 

1857 

5 

23 

+  0.03 

—2.23 

+  2.20 

1858 

4 

55 

+  0.35 

—1.83 

+  2.18 

1859  ■ 

3 

94 

+0.54 

—1.60 

+  2.14 

1860 

4 

96 

-0.17 

—0.90 

+  0.73 

1861 

4 

77 

—0.29 

—0.47 

+  0.17 

1862 

5 

59 

—0.41 

—0.28 

—0.13 

1863 

4 

44 

—0.55 

—0.31 

—0.24 

1864 

5 

47 

—0.30 

—0.30 

0.00 

1865 

5 

31 

—0.14 

—0.51 

+  0.37 

1866 

5 

16 

+  0.63 

—0.93 

+  1.56 

1867 

5 

7 

+  0.71 

—1.47 

+  2.18 

1868 

5 

37 

+  0.45 

—1.60 

+  2.05 

1869 

5 

74 

+  0.21 

—  1.21 

+  1.42 

1870 

4 

139 

+  0.19 

+  0.10 

+  0.09 

1871 

4 

111 

+  0.40 

+  1.01 

—0.61 

1872 

4 

102 

—0.22 

+  1.79 

—2.01 

.  1873 

4 

66 

—0.38 

+  2.07 

—2.45 

1874 

4 

45 

—0.23 

+  2.06 

— 2.29 

1875 

4 

17 

—0.24 

+  1.55 

—1.79 

1876 

4 

11 

—0.88 

+  1.0G 

—  1.94 

J877 

3 

12 

—0.92 

+  0.58 

—1 .50 

1878 

3 

3 

—0.97 

—0.02 

—0.95 

1879 

3 

6 

—0.16 

—0.58 

+  0.42 

1880 

4 

32 

-0.44 

—0.78 

+  0.34 

1881 

4 

54 

—0.42 

—0.67 

+  0.25 

1882 

4 

60 

—0.07 

—0.47 

+  0.40 

1883 

4 

64 

—0.60 

—0.22 

—0.38 

1884 

3 

63 

[-0.77] 

+  0.02 

[-0.79] 

1885 

2 

52 

[-0.82] 

+  0.22 

[-1.04] 

1886 

1 

25 

[—0.96] 

—0.08 

[—0.88] 

c  =  c  — im;!i 

To  determine  the  cause  of  this  i-esiihiai  effect  we  have  to 
satisfy  tlic  following  conditions. 

From  tlie  (jcriod  1800-1833  it  was  effective,  if  at  all,  only 
at  the  end  of  the  period. 

From  tiiat  time  to  1886  it  has  increased  in  eflicieney  so  as 
nearly  to  oi)literate  the  suuspot  effect. 

It  must  be  capable  both  of  rapidly  increasing,  and  of 
rapidly  decreasing  the  terrestrial  motion  to  the  extent  of  4". 
It  must  iiave  a  close  connection  with  the  sun.spot  period. 

The  first,  second  and  fourth  of  tiiese  conditions  are  met 
by  the  zodiacal  light.  Our  eailiest  accounts  of  its  appear- 
ance during  the  period  here  considered  arc  in  tlie  neighbor- 
liood  of  1830.  The  observations  of  Heis  and  Weiieu  show 
that    its    elongation    has    constantlv  increased  during  their 


series.  It  is  subject  to  a  variation  in  the  sunspot  period  of 
sucli  a  nature  that  its  apparent  elongation  is  greater  at  sun- 
spot  mininnim  than  at  suns[)Ot  inaxinmm. 

The  variation  of  tlie  mean  motion  of  a  body  moving 
through  a  medium  iu  motion  may  be  written 

-^  =  ^""f  I  rVl-e«cos'£  —  li  '.  sin  £  —  Fcos  f) 

in  which  2' represents  the  resistance  in  the  direction  of  the 
motion,  It  a  disturbing  force  contrary  to  gravity,  and  Fa 
disturbing  force  perpendicular  to  It.  and  opposed  to  the 
direction  of  motion.  The  otiier  letters  have  their  customary 
signification.  The  general  requirement  is,  tiierefore,  that 
the  zodiacal  liglit  should  be  in  motion,  generally  outwards 
from  the  sun.  As  regards  the  existence  of  such  motion  there 
is  abundant  evidence.  As  regards  the  sntlicieney  of  this 
motion  to  produce  the  numerical  result,  we  are  in  the  dilem- 
ma, that  on  tlie  one  hand  the  residual  result  may  not  be 
entirel}'  ()ure,  and  on  the  other  that  our  criterion  as  regards 
tiie  answers  to  our  problem,  should  we  calculate  the  forces, 
T,  It,  V,  is  simply  reduced  to  what  seems  rea.sonable.  AVe 
l)eg  to  wait  till  we  shall  obtain  further  data  on  that  subject 
from  a  study  of  lunar  and  interior  planetary  residuals. 

We  have  previously  shown  (this  Journal,  no.  181)  that 
the  disturl)ances  of  Encke's  comet  could  be  considered  as 
acting  iu  the  sunspot  period,  and  were  generally  speaking  of 
the  nature  of  the  terrestrial  disturbance  in  the  period  1856- 
1886.  Under  the  |)resent  result  we  must  consider  the  dis- 
turbance caused  both  by  the  electrical  condition  of  the  two 
bodies,  and  also  by  motions  in  the  medium.  Previously  it 
had  been  shown  that  the  maximum  brilliancy  of  the  comet 
corresponded  to  the  maximum  of  suuspot  action,  and  the 
minimum  to  the  minimum.  Later  it  has  becu  shown  that 
the  masses  of  Mercury  calculated  by  means  of  the  comet 
likewise  showed  a  variation  in  the  suns|iot  period. 

A  similar  etTeet  has  been  shown  to  exist  in  the  motion  of 
Mercury.  It  would  seem,  therefore,  to  be  common  to  the 
i)odies  between  the  sun  and  the  earth.  Rut  for  the  present 
our  result  is  that  the  discrepancies  between  solar  tallies  and 
solar  observations  maybe  referred  to  the  disturbance  caused 
in  the  motion  of  the  earth  by  the  action  of  sunspt)ts  and  of 
the  zodiacal  light. 

We  have  also  examined  the  corrections  to  the  tabular 
ecliptic  north  polar  distance,  and  while  there  appears  to  be  a 
variation  in  a  iieriiul  from  sixteen  to  eighteen  years,  and 
possibly  a  slight  variation  in  an  eleven-year  period,  there 
does  not  appear  to  be  an  evident  eonnectiou  with  the  forces 
disclosed  in  this  paper.     We  present  them  later. 


OBSERVATIONS  OF  3407  SAXT/./.lh\ 

By  11.  M.  P.VIL. 

[('iiniiminicnterl  liy  the  Superinteudenl  of  the  I'.S    Naval  Oliservntory.] 


In  this  Journal  [9  :  IWO]  I  annouucH-d  the  discovery  of  the 
variability  of  this  star,  and  in  9:  183,  186,  187,  189,  19t), 
and   10:    11,    12,  94,  95,   Messrs.  Chandi.eu.  Sawyer  and 


Yenhei.i.  have  published  the  results  of  their  observations 
and  preliminary  discussions  of  this  remarkably  short-period 
varial)le. 


no 
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The  following  miiiiinn  which  I  have  ohservetl  thus  far  the 
presc-nt  season  will  give  an  idea  of  liow  Mr.  Chandlkk's 
eplienieris  [10:  !)4]  is  running,  and  will  also,  I  hope,  draw 
attention  to  some  apparent  anomalies  in  the  behavior  of  the 
star  which  lieserves  the  careful  attention  of  obseivers. 

In  the  small  table  below,  the  third  column  indicates  the 
phase  observed,  " — "  denoting  thai  the  time  of  m  was  derived 
entirely  from  comparisons  on  its  preceding  side,  "  +  "  from 
those  on  its  following  side,  and  ":p"  from  comparisons 
e-Kteuding  through  the  m  and   embracing   more  or  less  of 


both  sides  of  the  curve.  In  all  cases  the  lime  of  m  was  de- 
rived l\v  plotting  the  observations,  and  lilting  over  them  as 
closely  as  possible  a  tracing  of  the  mean  light-curve  result- 
ing from  my  observations  of  tlie  three  |)revious  winters. 
The  next  two  columns  describe  brieflj'  the  phase  observed, 
and  indicate  the  weight  on  a  scale  of  1,  2,  3.  The  column 
JT„  gives  the  resulting  corrections  to  Chaxdlkk's  cphem- 
eris  [10:94]  with  their  mean  by  weights  [ — 16"'.l  ±3"'.6] 
below,  the  column  v  giving  the  residuals  fronr  which  the 
personal  eqiuilion  is  derived. 


Gr.  M.T. 


1890  Nov.  21.0     2935 


A' 


22.9 

2941 

T 

13.0 

3003 

14.0 

3006 

T 

14.9 

3009 

=F 

1.5.9 

3012 

18.8 

3021 

+ 

19.8 

3024 

=F 

Ph. 


Regular  fall,  m  not  reached 

Bright  and  irregular  m 

Bright  ^^,  m  not  reached 

Kaint  and  irregular  m 

Faint  m,  rather  irregular 

Obs'ns  cut  off  early  on  negative  side 

Pretty  regular  rise 

Bright  TO,  rise  irregular 


+  1.0 
—  15.8 
—25.2 
—43.6 
—31.8 
—18.8 
+  0.9 
—15.2 


+  17.1 
+  0.3 

—  9.1 
—27.5 
—15.7 

—  2.7 
+  17.0 
-t-  0.9 


-Mean  bv  weights. 


-16.1       ±   3.6 


These  same  residuals  [col.  w]  give  ±9'".0  as  the  personal 
equation  of  the  observed  time  of  a  single  m  of  wt.  2.  Each 
of  these  m  depends  upon  from  4  to  27  careful  comparisons 
[13  on  the  average]  made  at  intervals  of  from  5""  to  10™  when 
near  m,  or  even  (in  some  cases  when  the  light  changes  ap- 
peared rapidly  irregular)  as  frequently  as  3"'  or  4"",  as  rapidly 
as  they  could  be  carefully  made  and  recorded.  These  minima 
thus  represent,  on  tlie  average,  more  complete  and  careful 
determinations  than  those  from  my  observations  of  the  pre- 
ceding winters,  and  the  magnitude  of  the  resulting  residuals 
appears  to  confirm  the  probable  reality  of  the  residuals  of 
the  best  observed  m  of  previous  seasons,  both  of  my  own 
and  of  those  of  Chandler,  Sawykr  and  Yendell,  of  which 
I  will  now  speak. 

As  I  wished  to  combine  all  the  observations  to  date  in  a 
solution  for  the  most  probable  epoch  and  period,  all  these 
gentlemen  kindly  complied  with  my  request  and  sent  me  a 
copy  of  all  their  original  comparisons,  those  of  Mr.  Sawyer 
extending  18  days  later  than  the  last  of  those  published  in 
9  :  189.  All  these  I  reduced  with  my  own  light-scale  [given 
below,  near  end  of  this  paper],  plotted  each  observer's  re- 
sults separately  (using  the  assumed  elements,  T„  =:  1888^ 
104'. 520+0". 32417£),  and  then  drew  the  smoothest  curve 
possible  through  those  of  Sawyer,  Yendell  and  myself. 
As  Chandler's  observations  were  not  numerous  enough  to 
determine  a  curve,  I  drew  a  mean  curve  between  Sawyer's 
and  my  own  [making  them  coincide  as  nearly  as  possible  at 
the  steepest  parts],  then  made  this  fit  as  closely  as  possible 
among  Chandler's  observations,  and  used  this  for  his  light- 
curve.  Yendell's  observations  ap|)ear  to  give  the  star  a 
considerably  less  range  tlian  those  of  the  other  three,  his  M 


j  being  geuerall}'  fainter,  and    to  considerably  brighter,  and 
^  hence  his  light-curve  is  considerably  flatter  in  shape,  and  the 
individual  comparisons  seem  subject  to  a  greater  accidental 
;  error. 

I  I  cannot  regard  any  of  these  curves  as  at  all  final,  although 
I  my  own  depends  upon  about  575  observations,  extending 
over  three  winters  ;  but  since,  on  account  of  the  irregulari- 
ties of  individual  m,  any  mean  light-curve  is  likely  to  be  of 
rather  limited  use  in  reducing  observations,  I  prefer  not  to 
publish  any  till  a  more  complete  study  of  tliese  irregularities 
i  can  be  made.  The  following  table  will  give  a  general  idea 
of  the  accordance  of  the  different  curves.  The  "General 
Range  "  includes  all  except  one  or  two  extreme  observations 
in  each  case,  which  may  be  regarded  as  exceptional.    Chaxd- 

'  ler's  observations  are  not  sufficient  in  number  to  get  an  idea 
I 
of  the  geueral  range  at  M  audm. 


Observer 

No.  of 
obs'ns 

Mean  Curve  j               General  Range               j 

JI/ 

m     j              M 

«» 

Chandler 
Paul 
Sawver 
Yendell 

24 

575 
103 
130 

12.2* 
12.5 
120 
11.5 

6.2*    13.4t         .    . 

5.7  13.8    to  11.0 

6.8  12.2    "   11.3 
8.0      12.8    "   10.1 

.    .       5.9t 
7.2  to  5.2 
7.7  "  6.6 
9.7  "   7.1 

*  Mean  of  P.  and  S.                    t  Extreme  observations.        j 

I  am  disposed  to  think  that  my  observations  during  the 
first  two  winters  perhaps  exaggerated  the  faintuess  at  mini- 
mum on  some  nights,  and  that  the  later  observations  may 
give  a  slightly  higher  curve  at  m. 

Selecting  out  of  the  great  mass  of  the  observations  those 


N"  -f-.U. 
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wliicli  fell  oil  t^iitlitieiitly  steep  parts  of  the  curves  for  tie-  j  rections  to  tlie  assumed  times  of  tlie  minima  summarized  in 

termiuing  corrections  to  times  of  m    [generally   lying  be-  i  tlie  following  table,  where  the  fir.st  line  gives  the  number  of 

tween  11.0  and  7.0  for  C,  P.  and  S.,  and  between  10.2  and  |  m  available,  and  the   second   line   the  average   number   of 

8.2  for   Y],   I   have   deduced    more   or   less   accurate   cor-  I  comparisons  upon  which  each  depends. 


Observer 

CliaiKF- 
ler 

Sawyer 

Yendell 

1 

I'aul 

1887-8 

1888-9 

1889-0 

Number  of  m  determined 

Average  number  of  observations  per  w 

6 

2.0 

20 
2.4 

13 
2.5 

5 
3.8 

36 
3.8 

2! 
4.3 

I  did  not  linisli  the  solution  for  most  probable  elements, 
being  diverted  to  the  study  of  the  residuals  on  account  of 
llieir  magnitude  and  irregularity,  of  which  those  in  column 
1}  of  the  first  table  of  this  paper  are  only  a  moderate  sample. 
Chandlkr's  elements  [U  :  186,  187,  190]  will  be  amply  ac- 
curate for  prediction  for  some  time  to  come,  and  as  his 
period  is  very  convenient  for  the  construction  of  an  ephem- 
cris  [see  10:94,  95]  there  is  no  occasion  for  new  elements 
;it  present.  I  may  say  that  this  period  will  be  very  little 
changed,  but  the  epoch  probably  needs  a  correction  of  some- 
thing like  — 20'",  as  the  weeding  out  of  a  great  part  of  my 
poorer  observations  of  the  first  season  [see  9:  180]  makes 
the  0-epoch  earlier,  and  it  is  proper  here  to  state  that  the 
correction  of  -F5"'.0  on  9:190  for  "Red.  to  O"  was  not 
needed,  as  all  my  observations  had  been  reduced  to  helio- 
centric time  before  discussion.  Tiiis  I  inadvertently  omitted 
to  state  on  9  :  182. 


Deeming  the  study  of  the  irregularities  to  be  the  next 
point  for  investigation  as  regards  S  Autliae,  it  will  perhaps 
be  interesting,  and  possibly  instructive,  to  collect  in  the  nest 
table  the  corrections  to  Cuandlku's  elements  for  all  the  m 
which  have  happened  to  be  observed  b\-  two  or  more  ob- 
servers. The  first  column  gives  the  number  of  the  m.  Under 
each  of  the  four  observers  the  column  "Obs."  gives  tiie 
number  of  comparisons  described  above  as  falling  on  a 
sufHciently  steep  part  of  the  curve  to  give  a  correction  to  ih, 
those  on  the  preceding  side  under  "  — "  and  those  on  the 
following  under  "  +  "  respectively.  The  weights  p  are  \ 
the  sum  of  those  assigned  to  the  individual  observations 
[before  the  reduction  began]  for  C,  P.  and  S.,  and  ^  this 
sum  for  Y.  These  are  the  weights  used  in  the  least-square 
discussion  not  yet  completed.  The  quantities  JT^  are  the 
observed  corrections  to  C'liANni.Eu's  elements. 


E 

Chandler 

Paul 

Sawyer 

Yendell                | 

Obs. 

-  + 

P      1      Td„ 

Obs. 

-  + 

P 

jr. 

Obs. 

P 

JX- 

Obs.| 

P 

jr. 

1157 

1   - 

0.50 

— 5l'.'8 

-  3 

0.56 

-itIs 

m 

, 

"' 

2092 

,       , 

•  • 

2  - 

0.88 

—    3.1 

1   - 

0.19 

—39.4 

2095 

1  - 

0.50 

—27.7 

1   - 

0.19 

—22.0 

2141 

, 

3  - 

0.88 

—15.9 

,       . 

1    1 

0.31 

—43.1 

2144      .    .   !    .    . 

.    . 

-  2 

0.62 

-(-14.5 

1  2 

0.56 

—15.6 

2166 

4  4 

2.75 

—13.5 

1  - 

0.50 

—16.2 

.    . 

.    . 

2169 

1   - 

0.25 

—33.9 

2  - 

0.50 

—31.6 

2181 

. 

,       , 

1   •-' 

1.00 

-1-   5.6 

-  2 

0.44 

+  15.9 

2190 

-  ;! 

1.25 

H-   4.3 

-  1 

0.19 

+  11.4 

2200 

,       ^ 

1  - 

0.38 

-f-14  0 

1  - 

0.12 

—63.2 

2209 

3  - 

1.12 

+  28.2 

4  - 

1.12 

-(-40.9 

.    . 

.    . 

2227 

-  1 

0.50 

—  1.9 

-  1 

0.25 

-1-27.3 

.    . 

.    . 

2246 

. 

3  3 

1.38 

—  19.3 

2  3 

2.00 

—32.5 

4  3 

1.56 

—33.4 

2249 

1   -  \  0.50 

—16.4 

1  3 

0.09 

—20.6 

.    . 

3  1 

0.81 

—  8.8 

22.58 

.    . 

-  2 

1  00 

—40.3 

-  4 

0.62 

—32.2 

2274 

■    ■   1 

4  - 

1.06 

—46.2 

1  - 

0.12 

—37.9 

2289 

•    • 

•    • 

i  3 

1.88 

-20.i 

2  2 

0.88 

+   1.2 

I  do  ni)t  think  that  most  of  the  above  corrections,  which 
depend  upon  only  one  or  two  comparisons  on  one  side  of  wi, 
have  nnich  real  meaning  ;  but,  in  the  case  of  such  m  as  2209 
and  22IG,  the  approximate  agreement  between  different  ob- 
servers, when  the  weights  are  considered,  indicates  a  jnobably 
real  correction  to  the  time  of  m.  The  others  will  serve  to 
call  attention  to  the  necessity  for  very  frequent  coin|)arisons. 
extending  them  to  both  sides  of  m  whenever  possible,  and 


using  extreme  care  .on  account  of  the  snmll  totnl  range  i>f 
variability.  It  is  on!}'  fair  to  note  that  Mr.  t'iiAM>i.iK 
[9:190]  specially  disclaimed  any  accuracy  in  his  determi- 
nation of  m    1 157. 

Besides  the  irregidarities  in  the  times  of  wi,  my  own  ob- 
servations indicate  considerable  range  in  their  duration  [so 
that  HI  determined  from  only  one  side  of  the  curve  would  be 
liable   to  some   error  on  that    account],    also   considerable 
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riiii;ic  ill  llio  iivciiijie  liiigliliu'MS  near  in  [tlic  l)ii<5litoi'  m 
prolmbly  tlie  loiip^er  siiul  Hatter,  ami  llic  fainter  tlie  siiorter 
and  stecpei',  curvi-s],  and  willi  all  of  tliein  iiioru  or  loss  rapid 
ami  irri'fiiilar  flnuluations  in  l)ri<i;litnc'ss,  soiiietiiims  aiiionnt- 
iiij;  to  2  or  3  steps.  I  would  like  the  help  of  careful  observers 
in  altL'ni|iting  lo  delcriiiinc  how  much  of  this  is  real,  and 
how  inueli  may  perhaps  be  due  to  [jcrsonal  etpiation  or  pre- 
dis|)<)sition  of  the  observer.  Certainly,  if  1  have  any  sucii 
predisposition,  it  woulil  be  in  favor  of  secint;  tiie  variable  go 
down  and  up  on  u  siuootli  regular  curve,  but  it  will  not  ap- 
parently do  so. 

A  word  as  to  instruments.  All  my  observations,  except 
a  part  of  tlic  first  season's,  iiave  been  made  with  an  excellent 
field-glass  magnifying  about  1  times.  This  is  rather  de- 
ficient in  optical  power  for  comparisons  near  m  [both  in 
gathering  liglil  and  in  separating  S  from  its  nearest  liright 


neiglilior,  w  in  the  scale  l)elow],  and  it  is  probable  tliat  the 

I  accuracy  of  the  com|)arisoiis  is  somewhat  diminished  near  m 

'  on  this  account.     Nevertheless,  I  have  thought  it  better  to 

keep  111)  ^'"^   symmetry  of  the  observations  with  the  same 

instrument  for  the  present,  until  something  much  more  satis- 

I  factory  can  lie  obtained. 

With  this  kind  of  oi)tical  assistance  I  find  it  decidedly  con- 
venient, and  I  think  conducive  to  accuracy,  to  have  a  plenty 
!  of  comparison-stars  with  as  small  light-intervals  as  possible, 
even  if  some  of  them  are  rather  distant,  and  to  any  observers 
]  using   field-glasses   of    moderate    power    I    would    strongly 
recommend  this  i)lan.     Ileiice  I  republish  here  a  part  of  my 
I  light-scale  covering  the  rauge  of  S,  with  the  added  values  of 
I  last  winter's  determinations,  and  including  the  stars  used  by 
1  the  other   oliservers,   one  or  two  other  faint   ones    in    the 
vicinity,  and  the  position  of  S  Antliae  itself. 


Star 

18 

75.0 

LiKlit 

Letter 

M        ! 

« 

8 

1887-8 

1888-9 

1889-0 

1 

(iff  U.A.  Pi/xkUs 

9''2l"'l8' 

—28°  14.8 



15.7 

15.7 

1,5.6 

V* 

6.43 

;y>  U.A.  Pyxidi.s 

3    17 

26   15.8 

14.(", 
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8     1 
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25   12 
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21  U.A.  Antliae 
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9.1 

8.8 

f 

7.12 

57  U.A.  Pyxidis 

7     0 
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8.2 

8.2 

8.5 

P 

7.17 

Lacaille  3829 

20  47 

29  29.7 

6.2 

6.0 

6.0 

X 

7.39 

Lacaille  3942 

32      1 

29   14.4 

4.5 

4.4 

4.6 
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7.55 

Lacaille  3751 

10  44 

28  22.0. 

3.5 

3.2 

3.3 

m 

7.67 

5  U.A.  Antliae 

24  29 

27  41.7 

[3.5] 

[0.4] 

[2.7] 

n* 

[7.78] 

Oe.Arg.  S.9784 

9  24  37 

—28     2.8 

2.2 

1.8 

1.7 

0 

7.81 

S  Antliae 

9  26  50 

—28     4.7 

•    • 

S 

%'ar. 

The  magnitudes  in  the  last  column  are  the  mean  of 
the  results  of  the  three  seasons,  given  in  the  preceding 
columns,  magnitude  and  light  being  connected  by  the  re- 
lation, J/ =  8.00 — 0.1  St.  For  the  method  of  determin- 
ing this  light-scale,  as  well  as  for  the  explanation  of  the 
rather  confusing  assignment  of  letters,  see  9:  181  ;  where, 
however,  in  the  first  line  of  the  second  column  below  the 
table,  the  reading  should  be  "  I  have  not  thought  it  neces- 
sary," et(\  The  above  values  of  L  for  1889-0  were  de- 
termined precisely  as  there  described  for  1887-8  and  1888-9. 

To  my  eye,  with  the  field-glass  mentioned,  the  31  of 
<S'  Antliae  rauge  round  the  star  e,  sometimes  brighter,  some- 
times fainter,  more  generally  the  former  ;  while  the  m  gen- 
erally go  a  little  below  x.  occasiounlly  nearly  as  faint  as  k, 
and  sometimes  getting  scarcely  down  to  a;.  The  three  stars 
marked  with  an  *  are  the  ones  nsed  by  Chandler,  Saw- 
YEu  and  Yendell  [see  9  :  189].  With  field-glasses  of  high 
power,  or  with  small  telescopes,  they  are  very  convenient  on 
account  of  proximity  to  S.     I  have  used  w  but  little  on  ac- 


count of  its  reddish  color.  It  is  exceedingly  cou\eiiient. 
however,  for  comparison,  being  the  nearest  neighbor  of  S, 
and  midway  in  its  range  of  brightness,  where  it  is  changing 
rapidly.  If  care  is  taken  in  slight  twilight,  moonlight  or 
haze  to  check  it  by  /  or  p,  no  very  apprecialile  error  will 
probably  enter  the  work. 

I  can  hardly  think  this  is  the  case,  however,  with  the  use 
of  n,  especially  when  it  is  depended  upon  entirely  for  the 
lower  range  of  S.  On  9  :  181  /  noted  its  probable  varia- 
bility, and  my  later  observations  tend  to  confirm  this. 
Though  down  to  about  the  limit  of  accurate  comparison 
with  my  glasses,  I  can  hardly  think  its  apparent  fluctu- 
ations wholly  imaginary.  My  estimates  of  last  se:ison 
[18  observations  on  15  nights,  and  covering  the  period  of 
Chandler's,  Sawtek's  and  Yendell's  observations]  ranged 
from  0  to  4  in  the  above  scale.  I  would  strongly  recom- 
mend the  use  of  a;  and  k  for  comparisons  of  <S  near  mini- 
mum ;  but,  if  these  are  too  far  off,  then  o,  though  too  faint, 
would,  perhaps,  be  more  reliable  than  n. 
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SUN-SPOT   OBSERVATIONS, 

MADK   AT   THE   HAVEUFOKD   COI.I.EllE   OliSr.KVATOItY    WITH    THK  S-INXII    EQUATOKIAI., 

By  K.  1'.  LEAVENWOUTH. 
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ELEMENTS  AND   EPIIE^rERTS   OF   CO^SIET/ 1800. 

Hy  Kkv.   (;.   M.   SEAUI.E. 


I  have  computed  elements  of  Spitalek's  comet  from  the 
discovery  observation,  and  those  made  by  Barnauo  on 
Dee.  7  and  .Tan.  7,  as  follows: 

T  =  Oct.  22.6144  G.M.T. 
SI   =  45°  32'  50" 
(0=11       8    32 
t  =   13       7    33 


log!/  =  0.2t')l!tll 

V  =  29°  17' 31" 
log  a  =  0.553739 
log,'.  =  2.719398 
Period  =  2473  days  or  G'.77 
The  residuals  (O— C)  for  place  are  ./i  =  + 14",    .1^=:  +7'; 
this  conies   merely   from    the  approxiuitttiou    being   iuconi- 
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plete,  iis  it  dill   not  scciii  woilli   while  for   the   |iii,\stnt  to   :it-  'I'Iii'Sl-  give  tliu   followintj  e|)liftiifiis,  for  (iiccnwicl]   iiiid- 

tetiipt  uii  iicciirati' ix'siilt.  !  iiiijlit  : 

1  Dale  a  (H  1"^'  J  I5r. 

The  cooiiliiKitc  (•(iiiitlioiis  foi-  l.s'.M.O  are  : 


l.s'.ll  .1:111.  21 


X  =  [9.99121(5]  /isiii  {i-+\\:>  ;'j(;  41) 
y  =  [11.927280]  r  sin  {u+  (W  j;!  Jif.) 
z  =  [9.74621)1]  /•  sill  (,•+    11    4  7     2) 
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NEW   ASTKONOMICAL    WORKS. 


Die  Spectral- Analyse  der  Oeslinie,  von  Dr.  J.  Sciikinku,  Astionom 
am  konigUchen  astmplnjsikal iscken  Obseroitorium  zn  Putsdam. 
Leipzig,  Verlaij  van  Willielin  KiiKelmaiiii,  1>S!)0. 

In  tills  elaborate  and  important  work  the  irreat  lucd  of  a  Irnst- 
wortliy  text-l)ook  on  the  analysis  of  the  speetra  of  the  heavenly 
bodies  seems  to  have  been  supplied  in  a  most  satisfaetory  manner. 
The  results  of  the  most  reeeiit  observations  are  not  merely  re- 
connteil,  but  carefully  eritieized;  and  the  student  of  astrophysics 
will  liml  a  repertory  of  what  has  thus  far  been  attained  in  our 
knowledge  of  the  spectra  of  stars  and  iielmlas,  as  well  as  of  those 
of  the  bodies  of  our  solar  system. 

In  the  first  Tart  are  described  the  various  forms  of  apparatus  de- 
vised for  the  study  of  spectra,  and  especially  those  employed  for 
examininjj;  the  li:;ht  of  celestial  o()jects.  In  the  second,  the  theories 
of  spectral  analysis  arc  historically  and  mathematically  discussed. 
The  third  gives  the  results  thus  far  obtained  from  study  of  the 
celestial  spectra.  Finally,  the  fourth  contains  :  (1)  extensive  tables 
of  wave-lengths  for  the  visible  solar  spectrum,  founded  ou  those 
already  published  by  the  Potsdam  observatory;  (2)  Tihi.en's  taldes 
of  wave-lengths  for  the  lines  of  the  iron-spectrum;  and  (3)  a  cata- 
logue of  the  stars  belonging  to  tlie  class  HI  a  and  III  6,  as  derived 
from  1)uneh',s  catalogue  and  Vogei.'s  spectroscopic  Durchmus- 
terung.     In  an  appendix  is  a  full  bibliography  of  the  subject. 

The  volume,  which  is  abiiiidantly  illustrated  by  figures  in  the 
text,  contains  also  photographic  reproductions  of  the  spectra  of 
eight  fixed  stars,  exemplifying  the  diUereiit  types  of  stellar  spectra. 
Prof.  VoiiUL  introduces  it  by  a  preface. 


Kntiilnri  der  .A  rg  ei.andhu 'sf/wii  Zonen  vom  15,  bes  31,  Grade 
Sihlliclipr  Di'clinnlion.  in  miuleren  Pnsitionen  fur  18,50.0.  Heraus- 
t/t'neben  von  Dr.  Kuw.vun  Welss.     Wien,  1890. 

This  work,  which  forms  a  supplementary  volume  to  the  Annals 
of  the  new  observatory  of  the  Vienna  University,  takes  the  place 
of  the  well-known  catalogue  constructed  by  Oeltzex  from  Augel- 
ANDEii's  southern  zones  and  reduction-tables.  The  latter,  originally 
published  by  instalments  iu  the  SiUnnr/sberichte  of  the  Vienna 
Academy  of  Sciences,  and  long  since  out  of  print,  contains  a  large 
number  of  errors,  comprising  those  of  observation,  of  printing, 
of  the  tables  and  of  reduction.  It  has  rendered  inestimable  service 
to  astronomers ;  yet  only  in  comparatively  few  cases,  until  recently, 
could  its  positions  be  tested  by  comparison  with  independent  ob- 
servations. Argelander  himself  h.id  detected  a  considerable  num- 
ber of  mistakes  in  the  original  records  of  observation,  and  other 
lists  of  errors  have,  from  time  to  time,  been  collected  by  other  ob- 
servers; but  Sciio.NFEi.D's  Southern  Durclimnslerund  a,iu\  the  Cor- 


dolia  catalogues  now  allord  a  means  for  controlling  the  greater  part 
of  the  positions. 

Professor  Weuss  has  now  compared  all  the  stars,  north  of  23-. 
with  the  former,  and  all  south  of  that  parallel  with  the  latter,  of 
these  independent  authorities.  About  a  thou.sand  of  .Vkoki.andeii's 
stars,  in  the  soulherii  portion,  were  not  found  in  the  Cordoba  zones, 
and  for  about  two  hundred  more  a  reference  to  the  sky  was  found 
desirable.  These  1200  stars  have  been  examined  at  Vienna  with  the 
equatorial,  and  some  few  changes,  which  correspond  to  plausible 
conjectures  of  error  in  the  observations,  have  been  made  in  the 
deduced  positions,  but  all  such  cases  are  carefully  spi^cilied  in  the 
notes,  together  with  the  reasons  for  the  change.  Only  11  stars  re- 
main, for  which  no  simple  and  probable  conjecture  brings  Augkl- 
andek's  position  into  accord  with  the  sky. 

The  resultant  catalogue,  now  published,  contains  the  places  of 
18  276  stars.  For  these,  23  250  positions  are  given  in  vJeltzkn's  re- 
duction,—  in  which  each  observation  is  separately  numbered,  —  so 
that  it  is  not  always  easy  to  distinguish  between  two  observations 
of  a  single  star,  and  observations  of  two  different  stars,  in  close 
proximity. 

The  magnitudes  iu  Oei.t/.en's  catalogue  have  also  been  subjected 
to  careful  comparison;  this  being  facilitated  l)y  an  index  of  the 
zones  existing  at  the  Bonn  ob.servatory.  The  number  of  corrections 
thus  found  requisite  was  very  small,  except  in  two  places  (Oe.  2039- 
2083  and  4771-4781),  where,  in  the  column  of  magnitudes,  the  values 
appear  to  have  been  shifted  from  their  proper  positions  by  some 
error  in  the  printing-office,  after  the  last  corrections  of  the  proof- 
sheets.  • 

The  numbers  of  stars  observed  by  Argelander,  and  those  of  his 
several  observations,  are  given  for  each  hour  of  right-ascension  in 
a  table  in  the  preface;  the  proper  motions  of  those  stars,  for  which 
the  comparison  with  latercatalogues  shows  them  to  be  considerable, 
arecollectcd  in  a  special  table  of  the  appendix;  as  also  are  IS  variable 
stars,  which  occur  liere,  —  the  variability  of  two  of  these  having 
been  recognized  during  the  process  of  revision. 

The  whole  volume  is  stereotyped,  its  mechanical  execution  is  ele- 
gant, and  its  arrangement  unusually  convenient.  By  the  side  of 
the  positions  for  1850.0  are  given  the  values  of  the  total  precession 
which  refer  them  to  the  mean  equinox  of  1875.0;  and,  in  addition 
to  Oei.tzen's  numeration,  the  original  zone  and  number  are  shown 
for  every  observation. 

It  may  not  be  too  much  to  hope  that  Prof.  ^YEISs's  success  may 
incite  some  adequately  endowed  observatory  to  a  similar  reduction 
and  revision  of  Bessel's  zones.  The  new-  catalogues  of  the  Asti-o- 
nnmische  Gcsellschaft  will  atl'ord  admirable  facilities  for  such  an 
undertaking. 


COERIGENDA. 

No   229,  p.  103,  M.T.,  Nov.  18,     f„r     IV'  20"'  33-.9    put     10''  50'"  38>.S.     The  declinations  on  same  date  should  possibly  be  increased  by 
1'"-  =  15".3. 
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OI^   THE   MEAN   AXD   SECULAR  MOTIOX  OF   THE  MOON'S  PERIGEE, 

By  JOHN  N.  STOCKWELL. 


1.  In  number  231  of  this  Joitrval  I  auuouuccd  that  I 
should  give  the  result  of  my  examination  as  to  the  effect  of 
the  change  in  the  form  of  the  differential  equation  of  the 
moon's  perigee,  which  was  suggested  by  Prof.  Hill  in  No. 
226  of  this  Journal,  upon  the  secular  motion  of  the  perigee. 
This  I  have  now  done,  and,  the  labor  of  the  examination  not 
iuiving  been  so  great  as  was  anticipated,  I  am  enabled  to 
publish  m\'  results  sooner  than  I  had  expected. 

2.  In  the  first  place,  I  retract,  unconditionally,  the  ad- 
mission there  made  as  to  the  correctness  of  the  first  point  of 
Prof.  Hill's  criticism.  My  equation  (1)  which  he  criticises, 
is  entirely  rigorous.  The  periodic  perturbations  in  the  value 
of  e  of  which  bespeaks,  are  self-eliminating,  since  e  enters 
both  members  of  the  equation  in  the  same  way ;  and  any 
periodic  perturbations  in  the  value  of  <b  are  retained,  and 
enter  into  the  final  result.  It  is  true  that  the  equation  is 
not  in  the  form  given  by  most  astronomers,  although  it  has 
the  same  form  that  was  given  it  by  LaPlace  in  the  3M- 
canique  CMeste. 

3.  The  differential  equation  of  the  perigee  is  derived  from 
till'  following  equation  : 

f 
f 
in  which  the  values  of /and/'  are  given  by  the  equations 


(1) 


tan  o) 


(2) 
(3) 


/ 
/'  = 


,  dv-  ,     „  di-  dv    . 

—  '■■    -773-  cos  V  +  r-   TT  ;.  sin  v  —  /*  cos  v 


dt- 
.  dv- 
df 


dt  dt 

dr  dv 

-=-  -T-  cos  V  —  ,'1  sni 
dt  dt 


Tlio  quantities/and /' are  therefore  functions  of  the  co- 
ordinates ?•,  V,  and  of  their  differentials  divided  by  dt  \  and 
the  differential  equation  of  to  must  contain  the  four  quantities 

dr        ,  di,' 

r,    V,    —  and 


dt  dt 

When  the  proper  operations  are  performed,  we  siiall  obtain 
the  following  equation  : 


dco 


dv 


^e-=,^cos{v-o,)j^ 


(■') 


-I-  -I  cos(v- 


-w) 


dt 


fdR\ 

-  2r  sin  {v- 


-0)) 


dr  )  /dR\ 
dt  i  \dv  ) 


which  is  the  equation  criticised    l)y  Prof.  Hill.      He 
ever  transforms  it  into  the  following  equation  : 


how- 
(5) 


dio 
W 


dv  \   ^dv"  )     /dR\ 

drr  d?-'M-(lJ7J- 


dr  ( 
rfTV 


.d£ 
dt- 


■■}•(; 


dR\ 
dv) 


c 


,  dw- 
di^' 


-    + 


^  dr  dir 
dC-W 


by  the  substitution  of  the  quantities 

dv 
dt- 


fte  cos(v — (o)  =  r' 


—^'^ 


„  dr  dv 
esin(t-<o)=  r-- 


(6) 


In  regard  to  equation  (.^)  Prof.  Hill  remarks  that  the 
second  ''  member  is  expressed  purely  as  a  function  of  the 
four  quantities 

dr  ,  dv  " 
'■'  '■'  dt  ""^  di- 
Hut  in  this  he  is  certainly  mistaken ;  for,  in  eliuiiuating  o), 
he  has  also  eliminated  v,  the  moon's  longitude,  which  is  an 
essential  element  of  the  problem  ;  and  the  second  member 
of  equation  (5)  does  not  contain  v  explicitly,  but  merely  its 
differential  dv.  Equation  (5)  is  therefore  essentially  de- 
fective, in.ismuch  as  it  does  not  contain  all  the  elements 
which  are  incluiU-d  in  the  values  of  /and/'.  It  gives,  how- 
ever, the  correct  value  of    ,-  iu  so  far  as  it  depends  on  tlie 

dt  ' 

first  power  of  the  disturbing  force  ;  but  the  derivative  func- 
tions which  determine  the  squares  and  higher  powers  are 
altogether  erroneous.     I  have,  however,  employed  it  to  de- 

,     .  ,  d(o       .  . 

teinnne  the  increment  of  -;-  arisint 
dt  ' 

disturbing  force  ;  and,  unless  I  have  made  some  grievous 
lilunder  in  tiie  calculation,  we  shall  find  the  daily  increment 
of  the  longitude  of  4,he  perigee  to  be  — 47' -33";  and  the 
secular  motion  of  the  perigee  arising  from  the  same  cause 
would  be  — 3f<0".i",  in  which  i  dent>tes  centuries.  There- 
fore, according  to  Prof.  Hii.l'.-5  improved  formnla  the  lunar 
perigee  ought  to  have  a  daily  retrograde  motion  of  alioiit  -15' 
instead  of  a  direct  motion  of  about  7',  according  to  obser- 
vation. It  is  therefore  easy  to  see  that  equation  (.">)  is 
totally  unfit  for  delermiuiiig  the  motion  of  the  lunar  iM-rigeo. 


from  the  square   of  the 
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4.  In  my  former  commuiiicatioD  I  discussed  Prof. 
Adams's  solution  of  tiie  problem  of  the  moon's  secular  ac- 
celeration ;  and  incidentally  remarked  that  Prof.  Hill  ob- 
tained the  same  result  by  means  of  a  totally  different  and 
incompatible  law  of  the  variation  of  the  solar  eccentricity.  It 
is  indeed  a  siuijular  feature  of  all  the  solutions  of  this  prob- 
lem which  have  appeared  during  the  past  thirty  years,  in 
■which  the  solar  eccentricity  has  been  treated  as  variable  in 
the  solution,  that  the  results  of  the  different  solutions  should 
all  be  the  same,  notwithstanding  the  ditfei'cnce  in  the  as- 
sumed laws  of  such  variation.  For  example,  Prof.  Adams 
assumes  that  the  differential  of  the  eccentricity  divided  by 
the  differential  of  the  time  is  a  constant  quantity  ;  while 
Prof.  Hill  assumes  that  the  differential  of  the  square  of  the 
eccentricity  divided  by  the  differential  of  the  time  is  also  a 
constant  quantity  ;  and  yet  they  both  obtain  the  same  result 
for  the  effect  on  the  moon's  motion.  Now,  both  of  these 
hypotheses  cannot  possibly  be  true  at  the  same  time,  unless 
the  eccentricity  is  itself  constant,  in  which  ease  its  differ- 
ential divided  by  the  differential  of  the  time  would  be  equal 
to  nothing.  Each  solution  ought  then  to  reduce  to  what  it 
would  have  been,  iu  case  the  eccentricity  had  been  regarded 
as  constant  in  the  solution.  But  they  do  not ;  and  I  have 
thought  that  the  explanation  of  this  feature  of  the  differ- 
ent solutions  might,  perhaps,  be  interesting  to  astrononiers. 
The  whole  explanation  of  these  remarkable  results  may  be 
traced  to  the  methods  of  obtaining  the  integrals  of  the  dif- 
ferential functions  which  arise  iu  the  development  of  the 
equations.  A  single  example,  which  I  take  from  Prof. 
Hill's  investigation  of  the  secular  acceleration  of  the  moon, 
which  is  given  on  page  107  of  The  Analyst  for  July,  1878, 
will  sufJicicntly  illustrate  my  meaning. 

In  the  equation  there  given,  if  we  put  for  abridgement 

Cleveland,  Ohio,  1891  Jan.  U. 


n'*d.A 
rt"  d.e'* 
dn  

dt    ~ 
de'-  . 


it  will  become 


d.e' 

~dr 


(') 


Now,  by  hypothesis  --j—  is  a  constant  quantity  ;  the  cor- 
rect integral  of  equation  (7)  would  therefore  be 

,  f/.e'" 
n  =  n^  +  1^—  .t  (8) 

in  which  «„  is  the  value  of  n  when  t  =  0.  But  Prof.  Hill 
gives  for  the  integral  of  the  same  equation 

n  =  fie'-,  (■•)) 

which  is  certainly  a  wonderful  transformation,  the  constant 
and  variable  having  l)oth  been  eliminated  by  integration,  and 
a  new  variable  introduced  in  its  stead. 

1  have  thus  shown  that  the  solutions  given  by  Professors 
Adams  and  Hill  are  essentially  erroneous;  but  even  if  we 
assume  them  to  be  correct,  it  remains  for  them  to  show, 
first,  why  results  arising  from  an  assumption  that  is  admitted 
to  be  false,  or  rather,  of  an  assumption  that  is  not  claimed 
to  be  true,  but  only  convenient,  should  be  considered  a 
legitimate  part  of  a  correct  physical  theory;  and  seconrlli/, 
they  ought  also  to  show  why  results  arising  from  two  in- 
compatible hypotheses  should  give  identically  the  same 
value  for  the  moon's  secular  acceleration.  If  my  memory 
serves  me  rightlj',  these  are  points  that  did  not  enter  into 
the  discussion  of  the  question  thirty  years  ago,  but  which 
nevertheless  ought  to  be  considered  before  conclusions  based 
on  them  can  be  regarded  as  well  established  parts  of  any 
physical  theory  of  the  moon's  motion. 

I  conclude,  therefore,  that  Prof.  Hill's  criticism  does  not 
invalidate  iu  the  least,  the  investigation  given  in  Nos.  "220 
and  221  of  this  Journal. 


O^   THE   PERIOD 

Bv  HENIiY  M. 

In  the  first  announcement  by  Dr.  Peters,  iu  the  Astr. 
Nadir.,  of  the  variability  of  this  star,  its  position  was 
stated  2°  too  far  north.  Not  finding  the  comparison-stars 
there,  I  suspected  a  typographical  error,  which  I  soon  veri- 
fied. Possibly  on  account  of  this  error,  the  only  published 
observations  I  have  seen  are  those  of  Dr.  Peters  himself. 

The  period  of  352  days,  in  Chandler's  tables  {A.J.  No. 
179),  was  derived  from  my  observations  from  1884-6.  The 
star  reappeared  iu  January,  1887,  but  I  did  not  observe  it  at 
its  luaximum,  and  shortly  after  I  suspended  the  direct  ob- 
servation of  variables,  in  order  to  observe  asteroids. 

Soon  after  the  publication  of  GhaNdler's  table  I  analyzed 
my  observations  more  carefully,  and  became  satisfied  that 
the  period  given  was  twice  the  true  period,  and  that  there 
was  a  maximum  iu  February,  1887.  Since  the  publication 
of  the  Zone-Catalogue,  (Harv.  Annals,  vol.  24),  I  have  ob- 
served photometrically  my  comparison-stars,  and   have  i-e- 
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duced  all  my  observations,  and  also  those  of  Dr.  Peters, 
from  1879  to  1888,  as  well  as  an  additional  observation 
of  my  own  in  1891,  to  magnitudes,  upon  the  scale  of  the 
Harvard  Photometry.  There  are  about  34  of  my  own, 
omitting  a  few  observations  during  invisibility,  and  26  of 
Dr.  Peters  ;  making  a  total  of  60.  Unfortuuately  there  are 
very  slender  materials  for  determining  any  maximum,  and  still 
less  a  minimum,  with  accui'acy  ;  but  with  my  deduced  period 
I  have  compared  everv  maximum  and  minimum  which  has 
occurred  since  the  discovery  by  Peters  in  1879.  1  select 
those  which  tend  to  fix  the  period. 


1881  Nov. 

20 

11.2 

1886  Sept. 

3 

11.1 

27 

11.3 

1887  Jan. 

26 

12.1 

1885  Sept 

17 

11.0 

Feb. 

10 

11.8 

21 

11.2 

25 

12.1 

29 

11..J 

1888  Dec. 

23 

11.0 

Oct. 

10 

12.1 

1891  Jan. 

9 

13.2 

1886  Aug. 

30 

11.1 
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From  ni_v  obst'iviiiions  in  1885,  which  were  photometric,  I 
deduced  E  =  Sept.  22,  1885.  I  also  deduced  the  con- 
clusion that  the  varial)le  falls  to  1 1  ".5  within  (J  days  of  its 
maximum.  Tlie  maximum,  therefore,  must  have  occurred 
between  Pkters's  two  observations  in  1881.  Assuming  Nov. 
22  the  period  becomes  175  davs,  which  is  consistent  with  all 
prior  observations,  tliere  being  no  prior  observations  aljove 
1  !*'.(;.  Assuming  a  maximum  on  Sept.  1,  1886,  the  period 
wonltl  tlien  be  172  days  ;  and  it  was  certainly  much  less  than 
175  days.  The  observations  of  1887,  when  the  maximum 
was  unexpected,  do  not  fix  the  date,  but  onlj'  determine  that 
tiie  former  period  was  double.  A  period  of  1G9  days  brings 
the  maximum  on  Dec.  24,  1888.  Dr.  Peteks's  single  obser- 
vation must  have  been  amost  exactly  at  the  maximum,  being 
al)0ve  any  other  recorded.  Continuing  the  period  of  172 
days  up  to  1891,  for  comparison  with  my  last  observation, 
the  variable  would  not  reach  the  observed  brightness  before 
Jan.  19,  still  further  showing  a  diminution  of  the  period. 
On  Jan.  9,  it  was  of  the  same  brightness  as  on  Oct.  23, 
188(i,  the  only  evening  in  which  Dr.  Peters  and  myself  sim- 
ultaneously observed  it,  and  on  that  evening  we  exactly 
agreed  in  our  estimate. 

From  the  above  data  I  deduce,  E  =  Sept.  22.0,  1885  ; 
and  period  =  172.2  £ —0.33  £"-.     Mag.  11". 0  to<14>'. 


From  this  equation,  the  critical  dates  result  as  followB : 


Maxima, 


1881  Nov.  23.1 

1885  Sept.  22.0 

1886  Aug.  31.1 


Maxima, 


1887  Feb.  17.6 

1888  Dec.  24.1 
1890  Oct.  19.9 


table,  subject 


It  seems  unnecessary,   in   view  of  the   meagre   data,    to 
attempt  greater  accuracy  at  present. 

For  the  light-curve,  I  deduce  the  following 
to  an  average  variation  of  6  days  : 

Magr.  Days  from  Max. 

11.0 

11.5 

12.0 

12.5 

13.0 

13.5 

14.0 

Probably  the  maximum  in  1884  was  only  11  ".5,  and  per- 
haps in  other  years. 

Xew  York,  1891  Jan.  12. 
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Jan.  15.  The  new  elements  given  in  Chandler's  .Supple- 
ment (A. J.,  No.  216),  I  had  not  seen  when  the  above  was 
written.  The  observations  seem  to  me  to  indicate  an  unmis- 
takable and  rapid  shortening  of  the  period  during  the  last 
ten  vears.  ii.  M.i-. 


OBSERVED    MAXIMA    AND    MINmA    OF    SHORT-PERIOD    VARIABLES    LN 

SAGITTARIUS, 

15  V     V  A  V  L     S  . 
.X  Sa(/ittarli. 
This  star  was  observed  from  June  10  to  Sept.  8,  during 
which  time  38  observations  'Vvere  obtained  ;  from  these  are 
deduced,   by   the  single  light  curves,   six  maxima  and   four 
minima,  as  follows : 


Ma  XI. MA 

w 

Minima 

H90  June  16.8 

2 

1890  June  20.2 

Julv     7.3 

4 

July  10.1 

13.3 

3 

17.4 

21.4 

2 

Aug.  15.3 

Aug.     4.5 

2 

19.8 

2 

i'  K  N  1)  I".  I.  r, . 

Maxima 

w 

Minima 

w 

1890  June    9.98 

1 

1890  June  16.4 

2 

17.92 

4 

July    8.6 

2 

25.82 

2 

16.4 

4 

July    3.93 

2 

Aug.  15.3 

1 

11.09 

5 

18.70 

4 

25.14 

1 

Aug.  2.82 

4 

10.90 

1 

17.71 

2 

Sept.  2.03 

4 

9.23 

2 

17.55 

1 

30.02 

1 

W  Sagittarii. 
W  Sagitt<irii  was  first  observed  this  year  on  June  10, 
from  which  date  to  Sept.  29.  42  observations  were  made; 
from  these  have  been  deduced  14  maxima  and  4  minima  ;  all. 
with  the  exception  of  the  maximum  occurring  on  .Inly  18,  Sept.  80,  yields  to  the  application  of  a  mean 
were  obtained  by  the  use  of  a  provisional  mean  light-curve.  15  maxima  and  7  minima;  the  observed  times 
The  observed  times  are  as  follows  :  I    lows  : 


Y  Sagillarii. 
A  series  of  47  observations  of  this  star,  from 


Juno  10  to 
light-curve, 
are  as  fol- 
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Maxima 

w 

Maxima 

w 

■  U  Sagiltarii 

1890  June 

17.26 

3 

1890  Sept    8.56 

•> 

U  SugitUirii  has  been  the  oliject 

of  particular  atlciilion, 

29.23 

1 

18.50 

3 

and  was  observed  47  times  from  June  10  to  Sept.  30;  from 

Julv 

5.67 

4 

29.90 

2 

these   observations    have    been    deduced    13  maxima  and  5 

11.29 

3 

minima  ;  nine  of  the  former  by  the 

employment  of  a  mean 

17.58 

4 

MiN'IMA 

curve,  tiie  remaiiiing  four,  witii  all  the  minima,  by  tiie  .single 

22.88 

2 

July    9.18 

2 

light-curve. 

Aug. 
Sept. 

3.86 

8.96 

15  86 

20.81 

27.69 

1.50 

4 
2 
2 
1 

1 
3 

19.88 
Aug.     7.50 
13.51 
18.67 
30.27 
Sept.    5.41 

1 
2 
2 
1 
2 

2 

Maxima           w                            Maxima                 w 
1890  June  16.6         3  c               1890  Aug.    9.4         4 
21.7         1                                      16.5         4  c 
29.7          1                                     30.4         4  c 
July    6.3         4                          Sept.     6.4         3 
13.5         3                                     19.5         3 

19.8         3  c 

26.9         2 

V  Sagittarii. 

Aug.     2.4         4 

V  Sagillarii  as  in  the  preceding  year  was  tlie  subject 
a  series  of  observations  made  simultaneously  with  tliose 

of 
of 

Maxima  marked  c  are  tiiose  found 

from  the  single  curves. 

(J,  given    below ;  maxima    indicated 

on   June    17, 

July 

7, 

Mi. SIM  A 

w 

and  August   16,  and 

minima  on 

June   28  and   Ai 

gust 

28. 

1890  July  17.3 

1 

The  tiirce  maxima  were  of  uniform 

magnitude,  and  estimated 

Aug.     5.4 

3 

as  7". 5  ;  the  first  ininimuni  was  8 

'.0 

and  the  second  8" 

6; 

14.4 

3 

when  last  observed,  Sept.  30,  the  star's  light  was  estimated 

Sept.     2.1 

3 

at8«.4. 

23.3 

1 

Dorchester,  Mass.,  1890  Dec.  26. 


OBSERYATIOXS  OF   COMET/ 1890  {Spitaler,  xov.  i6), 

MADE   WITH   THE   12-lNCH   AND   36-IN'CH   REFRACTORS   OF   THE   I.ICK   OBSERVATORY, 

By  E.  e;  BARNARD. 


1891  Mt.  Hamilton  M.T. 

* 

No. 
Comp. 

-* 

^'s  apparent 

8 

log  PA 

forn              for^ 

Jan.     7 

8 
10 
11 

12 

9   13  24 

9  25     7 

11    15     1 

11   23  20 

8  18     8 

11   29     6 

7     4  26 

7  13  50 

6  55  52 

7 
7 
7 
7 
7 
7 
7 
7 
7 

3 

4* 

2 

2* 
5*  ,  4 
2*  ,  4 
3 

3* 
3*  ,  6 

II.         s 

—0     9.9 

—0  15.6 

+  0     4.6 
+  0  51.1 
+  0  54.0 

*  +  0  46.2 

+  40°  24 

7.1 

n8.716 

9.422 

n9.322 

9.487 

M9.528 
n9.567 

n9.602 

n8.778 

?i.9.23b 
9  230 
9.633 

9.568 

+  0 

22.16 

4  51 

4  51 

4  51 
4  51 

58.55 

57.62 
52.37 
45.89 

+  40  24 

1.4 

+  0 
+  0 
+  0 

21.23 

15.99 

9.52 

+  40  24 
+  40  25 
+  40  25 

+  40  25 

21.6 

8.1 

11.0 

'3.2 

+  0 
+  0 

12.03 
15.57 

4  61 
4  51 

48  39 
51.92 

Mean  Places  for  1891.0  of  ComjKirison- Stars. 


* 

a 

Red.  to 
app.  place 

8 

Red.  to 
app.  place 

.Authority 

7 

4  51  35.45 

5+II.M} 

+  40   24   12.1             \+^\\ 

lO"  comp.  wiHi  W.15.  IV,  1151  and  1198 

*  Ja  measured  direct  with  the  micrometer, 


10"  — W.B.  IV.  1151,     i«  =  — 2"=  14^72  (C),      JS  = +1' 44".7  (2) 
— W.B.  IV,  lias.     Ja  =  — 3    5B.75(6),      JS  = +0   34  .9  (2) 
The  Jg  exceedingly  difficult  to  measure  at  Ijotli  observations  on 
Jan.  7  and  8. 

Mt.  Hamilton,  1891  Jan.  13. 


Observations  of  .Ian.  10,  11  and  12,  made  with  the  3G-inch.  The 
comet  could  not  tje  seen  on  these  dates  with  tlie  12-inch,  because  of 
its  faintness  and  proximity  to  the  coraparisou-star.  These  are  a 
continuation  of  the  observations  in  A..T.  no.  232. 


N°  235. 


thp:   astronomic  a  I,   .loriiNvL. 


1^9 


ORBIT   OF   THE   COMPANIOX   OF    SIRIUS, 

By  CHARLES   1'.   HOWAIM). 


The  Conipauion  of  Sinus,  being  so  faint  and  close,  is  much 
of  the  time  lost  in  the  rays  of  its  primary.  For  this  reason 
accurate  measurements  are  difficult  to  make,  and  often  simul- 
taneous observations  by  the  best  observers,  differ  widely 
from  each  other.  When  to  this  is  added  the  fact  that  since 
its  discovery,  the  Companion  has  not  completed  more  than 
half  a  revolution,  it  is  clearly  as  yet  inii)ossible  to  obtain  a 
very  exact  orbit. 

Having  tried  the  graphical  method,  given  in  Crossley, 
Gledhill  &  Wilson's  Hand  Book  of  Double  Stars,  of  inter- 
polating curves,  smoothed  and  adjusted  for  an  elli|)tic  orbit ; 
and  finding  that  the  best  orbit,  to  be  thus  obtained,  made  the 
Companion  describe  much  greater  yearly  areas,  from  1862  to 
1870,  than  from  1880  to  1890,  I  was  convinced  that,  for 
Siriun,  no  satisfactory  orbit  could  be  obtained  by  this 
method,  but  that  the  best  orbit  possible  to  be  derived  from 
such  scattering  observations,  could  be  had  graphically  by 
applying  directly  to  the  plotted  positions,  the  principle  that 
the  Companion  in  its  apparent  orbit  must  describe  around 
Sirius  equal  areas  in  equal  times.  To  put  this  method  into 
practice,  I  proceeded  as  follows  :  — 

1st.  The  positions  to  be  plotted  were  reduced  in  number 
by  deriving  from  the  observations  the  average  date,  position- 
angle,  and  distance,  for  each  year.  In  getting  at  this  aver- 
age, one  good  observation  was  allowed  more  weight  than  the 
average  of  several  poor  ones.  The  position  so  determined 
for  each  year  was  plotted  on  a  scale  of  one  inch  to  the  sec- 
ond of  are,  and  marked  with  its  date. 

2d.  A  trial  ellipse  was  then  drawn  am:::.g  these  positions 
to  average  them  all  as  nearly  as  possible,  and  the  position 
of  the  Companion  was  marked  upon  it  at  the  two  dates  which 
an  inspection  of  the  observations  indicated  as  being  the  most 
trustwoithy.  Then,  because  the  Companion  describes  equal 
are.as  in  equal  times,  fixing  the  place  of  the  Companion  for 
any  two  instants  necessarily  fixes  its  place  for  every  other 
instant,  and  its  position  for  any  desired  series  of  dates  can 
be  marked  on  the  trial  ellipse  by  any  convenient  method. 
The  Companion's  place  was  therefore  marked  on  the  trial 
ellipse  for  the  date  of  each  plotted  position,  which  by  a  sys- 
tem of  checks  could  not  be  in  error  by  more  than  ^hs  ^^  ^'^ 
inch.  F>ach  calculated  and  observed  position  for  the  same 
date,  was  then  connected  by  an  arrow,  whose  direction  and 
length  plainly  indicated  to  the  eye  the  discrepancies  between 
them.  The  systematic  discrepancies  which  tiieu  ap|)eared, 
extending  over  several  years,  at  once  threw  light  upon  the 
nature  of  the  modifications  necessary  to  be  made,  to  obtain 
a  second  trial  ellipse  that  should  at  least  partly  correct  them. 

In  this  manner  successive  trial  ellipses  were  drawn,  each 
giving  a  better  orbit  than  the  preceding,  until,  at  the  sixth  or 
eighth  trial,  there  slill  remained  systematic  diflferences  be- 
tween the  observed  and  calculated  positions,  which  it  seemed 


impossible  to  eradicate,  and  which  could  perhaps  be  attribnted 
to  some  perturbation.  I  then  tried  the  eflTect  of  a  slow  ad- 
vance of  the  periastron  in  the  plane  of  the  true  orbit,  but 
this  did  not  change  the  character  of  the  differences  at  all ; 
part  of  them  seeming  to  indicate  the  revolution  of  the  Com- 
panion around  a  third  body,  in  a  plane  at  right  angles  to  the 
plane  of  the  apparent  orbit,  whose  pole  was  perpendicular 
to  the  part  of  the  elliptic  orbit  the  Companion  was  at  the 
time  describing.  This  appearing  absurd,  I  again  tried  to 
reduce  the  discrepancies  still  further,  by  continuing  the  same 
process  as  before,  until  on  the  eleventh  trial  all  systematic 
diflferences  disappeared,  and  there  seemed  no  chance  of  ob- 
taining a  better  orbit  by  carrying  the  process  further. 
This  gave  the  following 

Elements  of  Oubit. 

Period  in  years,  57.02 

Date  of  Periastron  passage,  1894.17 

Inclination,  51^  26' 

Position  of  Node,  40°  4."<' 

Position  of  Periastron,  48°  :io' 

Eccentricity,  0.538 

Semi-axis  Major,  8''.50 

The  following  table  gives  the  observations  upon  which  this 
orbit  is  based,  with  the  diflferences  between  the  observed  and 
calculated  positions. 


Position 

Diff.  between 

Augle 

ohsiTveil  ami 
calculated 

i 

Date 

-At     1   _ 
date  1  <^°;- 

Dis- 
tance 

S 

•s 

Observer 

C-0 

Po-        ^. 

obser-'  i?. 

sitlon      "i^- 

vation 

103O 

Angle   '*"'^<' 

1862.08 

85. 

85^2 

lo" 

A.  Clark 

— i!o:— o'.i9 

19 

84.6 

84.8  1  10.07 

Bond 

—  .9—  .28 

20i  85.0 

85.2  1    .    . 

'.  '. 

Kuthcrfurd 

-1.8     .    . 

20i  84.6 

84.8 ;   .  . 

Cliacornac 

-  .9     .    . 

23 

85.0 

85.2 

10.42 

Challis 

-1.4—  .57 

28 

83.4 

83.6 

I 

Lassell 

+    .1      .    . 

1863.14 

79.3 

79.5 

10.6 

Marth 

+  2.2'—  .54 

15 

79.2 

79.4 

10.6 

3 

Mitchell 

+  2.31—  .54 

21 

82.5 

82.7 

10.14 

2 

().  Siruve 

—  1.:: 

23 

10.00 

1 

Dawes 

24 

79.7  i  79.9 

.    . 

' 

Wiiinecke 

+  1 

27 

82.8 

83.0 

Bond 

+  .;■.    .  . 

1864.18 

80.2 

80.4 

9.60 

2 

Las..;ell 

'  ■'  ^    :i 

22 

79.5 

79.7 

10.92 

2 

(.).  Sliuve 

'••i 

1865.20 

77.2 

77.3 

10.60 

4 

().  Struve 

—   .0—    ."S 

22  77.9 

78.0 

10.78 

2 

Foster 

—1.2 

-  .26 

22 

75.5 

75.6 

9.69 

9 

Seccl.i 

+  12 

+   osl 

24 

73.7 

73.7 

10.79 

1 

Struve 

+  8.1 

—0.27' 
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Dato 

Position 
Angle 

Dis- 
tance 

in 

Observer 

niff.  hetween 

observed  and 

calculated 

C-0 

At 
date 

of 
obser- 
vation 

Cor- 
rected 
to 
1890 

Po- 
sition 
Angle 

Dis- 
tance 

1865.25 

76?8 

76.9 

" 

3 

Tiotjcn 

—   .1 

II 

26 

76.9 

77.0 

1 

Khf^i'liuanu 

—   .2 

26 

76.0 

76.1 

9.0 

liond 

+    .6 

+  1.53 

1866.08 

77.1 

77.2 

10.43 

2 

Knolt 

—2.1 

+  0.25 

20 

73.8 

73.9 

10.97 

1 

TiotjcMi 

+   .9 

-  .26 

20 

10.74 

1 

Hniliiis 

—  .03 

20 

75.2 

75.3 

10.93 

0.  .Stnive 

.0 

—  .22 

21 

74.3 

74.4 

10.43 

5 

Wasliiiigton 

+    .3 

+    .28 

28 

71.3 

71.4 

10.10 

3 

Secchi 

+3.3 

+   .61 

1867.22 

72.1 

72.2 

10.98 

2 

0.  Struve 

+   .6 

—  .10 

24 

72.3 

72.4 

2 

Foster 

+   .3 

1868.24 

69.6 

69.6 

11.35 

Rrulins 

+  1.1 

—  .32 

26 

71.6 

71.7     10.95 

5 

Kiigelinann 

—  1.0 

+   .08 

1869.10 

74.7 

.    .      11.26 

4 

Hrmiiiovv 

—  .12 

15 

73.6 

.    .      11.23 

3 

Vogcl 

—  .09 

20  68.7 

68.8 

11.17 

Diin6r 

.0 

—  .03 

1871.16  65.9 

66.0 

10.75 

3 

Secebi 

—1.1 

+   .57 

22  61.1 

64.2 

10.92 

Duii(''r 

+    .5 

+    .40 

1872.18  59.8 

59.9 

11.00 

l)mi(:-r 

+  3.0 

+    .36 

24'  62.7 

62.8 

ll..-|5 

11 

WasliiiigloH 

+   -1 

—  .19 

1873.22 

60.8 

60.9 

10.57 

Duuer 

+   .2 

+   .79 

1874.14 

58.0 

58.1 

11.39 

11 

Wasiiington 

+  1.3 

—  .05 

1875.19 

57.1 

57.2 

10.73 

Vun6r 

+   .2 

+   .55 

23 

56.2 

66.3 

11.47 

11 

Washington 

+  1.1 

—  .19 

1876.22 

55.2 

55.3 

11.19 

6 

Washington 

+    .2 

.00 

1877.21 

53.1 

53.2 

11.15 

10 

Washington 

+    .2 

—  .10 

93 

53.2 

53.3 

10.71 

5 

Bin  uhain 

—1.1 

+    .22 

1878.03 

51.1 

51.2 

10.06 

3 

Bninham 

+    .6 

+    .84 

24 

51.7 

51.8 

10.76 

5 

Washington 

—  .3 

+    .10 

1879.20 

50.1 

50.2 

10.55 

6 

Washington 

.7 

+   .10 

75 

46.5 

46.6 

10.29 

Cincinnati 

+  1.6 

+   .21 

1881.26 

45.3 

45.4 

10.00 

.    '- 

Washington 

—  .4 

+    .05 

1882.20 

42.3 

42.3 

9.81 

Av^ 

Washington 

+   .2 

—  .12 

1883.10 

40.1 

9.05 

10 

Burnhaiu 

.0 

+   .24 

10  39.0 

9.41 

Young 

+  1.1 

—  .12 

12 

39.7 

9.02 

11 

Hongh 

+    .3 

+    .26 

19 

40.2 

•    • 

9.50 

13 

Washington 

—  .4 

—  .25 

1884.05 

36.0 

9.67 

Hoiisih 

+  1.3 

—  .85 

17 

36.7 

8.81 

Hoiio-h 

+   .3 

—  .05 

19 

36.4 

8,39 

.    . 

Burnliam 

+    .6 

+  0.36 

1884.23 
27 

1885.11 
20 
26 

1886.18 
22 

1887.14 
23 

1888.25 

1888.97 

1890.27 


Position 
Angle 


At 
date 

of 
oljser- 
vation 


37.7 
36.3 

34.1 
32.7 
34.9 

30.8 
30.1 

25.4 
24.2 

23.3 

14.0 
359.7 


Cor- 
rected 


Dis- 
tance 


8.81  .  . 
8.70  j  .    . 

8.09  I  .  . 
7.96  .  . 
8.08       8 

7. .30  Ave 
7..38       6 


7.08 
6.51 

6.78 

5.28 

4.19 


Paris 

Hough 

Hall 

Wa.shiugton 
Hall 

Youug 
Hall 


Hall 

.  j  Burn  ham 

3     Burnham 


Dill',  between 

ob.servfd  and 

cak'Ulaled 

C-O 


Po- 
sition! 


Dis- 


—1.0—0.08 

+   .4!+    .02 

—  .2  +   .15 
+  1.0+   .23 

—  1.5+    .07 

—  1.0,+    .26 

—  .5  +    .14 

—  .2!—  .25 
+    .6|+   .31 

— 4.4|+   .19 

.7+   .05 

.5—0.06 


How  near  this  comes  to  being  the  true  orbit, 
years  be  made  apparent,  by  the  agreement  of 
positions,  witli  tlie  following 

Ephemeris 


will  in  a  few 
the  observed 


Year 

Jan 

.  1 

March  16 

Position 
Angle 

Distance 

Position 
Angle 

Distance 

1891 

347^2 

3.49 

342.8 

3.33 

2 

321.9 

2.81 

315.6 

2.73 

3 

288.0 

2.67 

2.S1.8 

2.72 

4 

259.8 

3.07 

255.3 

3.21 

5 

238.9 

3.74 

235.7 

4.87 

6 

223.8 

4.34 

221.4 

4.44 

7 

212.2 

4.76 

209.9 

4.83 

8 

202.1 

5.02 

200.6 

5.05 

9 

193.0 

5.17 

191.2 

5.19 

1900 

184.1 

5.28 

182.4 

5.30 

1 

175.7 

5.36 

174.0 

5.37 

2 

167.4 

6.46 

165.8 

6.47 

3 

159.5 

5.56 

158.0 

5.59 

4 

151.8 

5.70 

150.4 

5.73 

5 

144.9 

5.87 

143.6 

5.90 

The  following  table  gives  the  position  of  the  Companion 
for  some  of  the  cardinal  points  of  its  apparent  orbit. 


Date 


Nearest  apparent  approach  1892  Sept.  14 

Companion  West  of  Sirins  1983  Aug.  15 

South           "  1900  July    10 

East             "  ,  1917  June  20 


Posit.  I  Uis- 
Angle    tauce 


298.7    2.64 

270.0  :  2..S7 

180.0  ;  5.32 

90.0    9.22 


Hartford,  Conn.,  1891  Jan.  26. 
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FILAK-MICROMETER  OBSERVATIONS  OF   COMET  e  1890  (zoxa,  Xov.  lo), 

.MADE   WITH   THE    12-lNCH    EqCvTORIAI.   Ol"   TlIK   LICK    OBSERVATOKY, 

By  E.   E.   BARXAKI). 

(Continued  from  Nos.  230-232.) 


Mt.  Hamilton  M.T. 
1890-91 


No. 
Comp. 


^a 


^8 


^'s  apparent 


log  PA 
for  a      I    for  i! 


Dee.  9     8     0  11 
Jan.  9  10  23  24 


12  ,  6 
10  ,  6 


-1  0.57 
-2  2.93 


+  3  39.8 
+  2  40.8 


3   19     9.48 
1  49  46.29 


+  34  6  32.9 
+  28   1   59.2 


H9.441    9.996 
9.650    0.462 


Mean  Places  for  1890.0  and  1891.0  of  Compai'ison- Stars. 


\ 

* 

a 

Red.  to 
app.  place 

s 

Red.  to 
app.  place 

Authority 

5 

6 

3''20"'    6!4S             +3*62     j    +34^    2' 36"9 
1  51   48.27       1      +0.98     |   +27  59    15.4 

+  16.2 
+    3.0 

W.B.  III.  373 
W.B.  1,  1168 

Dec.  9.     Comet  1^' in  diameter.   R;  gbM.  to  an  ill-defined  nucleus.  |       The  comet  will  not  perhaps  be  observable  after  the  present  moon 
Jan.  9.     Of  about  13)^  mag.,  with  iudetlnite  brightening  in  the       withdraws, 
middle.  I 

Mt.  Hamilton,  1891  Jan.  14. 


FILAR-MICROMETER  OBSERVATIONS  OF   COMET  e  1890  ^zoxa), 

MADE  AT  THE   OBSERVATORY   OF  THE  STATE   UNIVERSITY   OK  MISSOURI, 

By  MILTON  UPDEGRAFF. 


1890  Columbia  M.T. 

* 

No. 
Coinp. 

Ja        1 

-* 

a 

pparent 

1         8 

los  pA          ' 

for. I       1      for.l      ' 

Dec.   8     8  45™  5'.1 

10  7  44  52.2 

11  7  46  38.7 
13     8  56  36.5 

1 
2 
3 

6 
12 
5 
8 

— o"'23!28    i 
+  0  42.51 
—0  33.14    ! 
+  1  56.31    1 

—1  34.9 

0     0.0 

+  2  45.7 

+0  50.9 

3''24'"l3!54 
3   14  51.3 
3   10   16.06 
3     1    18.11 

+  34°16' 53"2  In9.3181     9.9908 
+  33  56.1          H9.4742    0.1294 
+  33  45  54  0    ».9.4440    O.ldJ^o 
+33  21   51.5   118.8976    9.94  20 

Mean  Places  for  1890.0  of  Coniparison-Slars. 


* 

« 

Red.  to 
app.  place 

<J 

Red.  to 
app.  place 

.Authority 

1 

2 
3 
4 

3''24"'33'.18 
3   14     5.2 
3   10  45.63 
2  59   18.30 

+  3*64 
+  3.60 
+3.57 
+  3.50 

+  34°18'll!'6          +16.'5     1     W.B.  111.417 
+  33  55.8                 +17.3      1     Bon»  DM. 
+  33  42  50.8           +17.5           W.B.  Ill,  178 
+33  20  42.2     j     +18.4          Paris  Catalogue 

In  making  the  above  observations  the  instruments  used  were  a 
73.<-inch  equatorial  telescope  and  micronu-tcr  by  .MER/.nnd  Maiii.kr. 
and  a  sidereal  clock  and  chronograph,  both  by  Fauiii  &  Co.  The 
position  of  the  observatory  is  approximately 


X  =  C"  9""  18'  (Groe(*«-Ich').     <r  =  +.'18'^  aiV  50' 
The  places  of  the  comparison-stars  have  been  kindly  furnished 
by  the  Director  of  the  \Va.*hburn  Observatory. 
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EPIIEMERIS   OF   COMET  1889  V, 

»Y  WILLIAM  BELLAMY. 


Till'  |ti;usi'woi-lliy  t'lTorls.  for  wliicli  tlic  lliiinksol'  iistrouo- 
riii'rs  are  due  to  Mu.  Haknaki),  to  coiitimie  tlic  observation 
of  this  exceedingly  diflicult  object,  have  again  been  attended 
Willi  success.  He  succeeded  in  getting  another  position,  on 
January  12,  and  writes  that  he  hopes  certainly  to  gel  it  again 
in  February  and  Derhaps  in  March.  This  is  not  unlikely,  as 
the  brightness  then  will  be  only  a  third  less,  theoretically, 
than  at  the  time  of  his  January  observation.  1  therefore 
continue  the  epheuieris  given  in  No.  230  for  the  peiiod  after 
the  waning  of  the  February  moon.  In  that  number  I  em- 
ployed the  elements  of  Mr.  Poor,  as  the  best  then  available. 
But  the  publication,  two  months  ago,  of  Mr.  Chandler's  ele- 
ments (No.  231)  gives  llie  means  for  an  ephemeris  practically 
without  any  error,  the  deviation  therefrom  of  Haknaud's 
subsequent  observations  being  less  than  1"  in  a,  and  10"  inS, 
while  those  of  Bauschinger  in  A.N.  3013,  this  day  received, 
show  deviations  of  6'  or  1'  in  «,  and  h:df  a  minute  in  S,  — 
exceeding  those  of  Poor's  elements,  |)ublished  last  Novem- 
ber {A.J.  228).  It  is  interesting  to  note  that  this  comet 
has  now  been  followed  through  an  arc  of  la6°  of  heliocentric 
motion,  all  lying  outside  the  earth's  orbit,  and  to  a  heliocen- 
tric distance  of  3.75  and  a  geocentric  distance  of  2.80, 
which  for  so  faint  an  object  is  unexampled. 

Dorchester,  Masn.,  1891  Feb.  1. 


The  eipiatorial  constants,  for  the  e(piin<)x  and  ecliptic  o 
1891.0,  are  as  follows: 

X  =  (9.9997680)  ?-sin(  91  29  59^78  +  v) 
y  =  (9.940920C)  r  sin(  2  32  50.24-f-o) 
z  =;  (9.6894419)  r  sin(358     9  30.45-1-1)) 


Kl'llKMKRI.S. 


Or.  M.T. 


A  pp.  a 


A  pp.  ,V 


28.5 

3 

21.9 

1.5 

2 

57.3 

2.5 

2 

.•53.7 

3.5 

2 

11.2 

4.5 

I 

49.9 

0.0 

1 

29.8 

6.5 

1 

10.9 

7.5 

0 

5;!.  2 

8.5 

0 

36.8 

9  5 

0 

21.6 

10.;-) 

8     0 

7.6 

11.5 

7  59 

54.8 

12.5 

59 

43.3 

13.5 

59 

33.0 

14.5 

59 

23.8 

15.5       7  59   15.8   +27 


I";;  A 


1891  Feb.  27.5       8     3  47.4   4-27  45   16       0.49.S36 


Mar. 


44  39 

43  58 

43   13 

42  24 

0.50619 

41   31 

40  34 

39  33 

38  29 

0.51429 

37  20 

36     7 

34  51 

33  31 

0.52261 

32     8 

30  41 

29   11 

.061 


.058 


.056 


.053 


0.53110       .051 


No 

231 

P- 

117 

P- 

120 

No. 

232, 

P- 

120, 

No. 

233, 

P- 

130 

p. 

132, 

No. 

23+ 

P- 

no 

. 

P- 
P- 

142 
U4 

COREIGENDA. 

col.  1,  last  table,  2d  heading,     fur    maxima    put     minima.     Corrected  erroneou-slj- on  p.  128. 
col.  1,  line  13,    for    diminislied    put    increased. 

in  oljservations  of  Comet  e  1S!)0  Dec.  11,       for        —  1  ,5+.G         -1-33  47  33.0  put 

+i   19.8  -1-33  47  27.6 

col.  2,  line  10  from  below,    for    r    put    r^. 
col.  1,  line  7  from  below,     fur    two  years    put    three  years, 
col.  1,  line  21,  and  col.  2,  line  10,    for    personal  equation    put    probable  error, 
col.  2,  line  11  from  below,    for   f    put    I. 
col.  1, 2(1  title,    for    Edward    read    Edmund. 
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-1-1   .H.G 


-1-33  45  7.8 
4-33  45  2.4 
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DEFINITIVE   ORBITS   OF   THE   COMPANIONS   OF   COMET  1889  T, 

By  S.  C.  CH.VNDLEK. 


I. 


1.  The  vicissitiuie.s  in  llie  liistorv  of  this  ooiuet  give  it 
an  interest  exceeded,  perhaps,  by  uo  other  in  astronomical 
annals  ;  and  the  settlement  of  the  problems  connected  there- 
with promises  to  illnminate  our  knowledge  of  cometary 
mechanics  in  various  important  particulars. 

While  the  manner  in  which  the  comet  became  separated 
into  several  parts,  by  its  encounter  with  Jupiter  in  1886, 
may  possibly  require  for  its  precise  exposition  the  observa- 
tions which  will  be  obtained  at  the  next  appearance  in  1896, 
we  may  hope  for  an  approximate  answer  in  the  careful  dis- 
cussion of  those  made  in  1889  alone.  It  is  therefore  pro- 
|)0sed  in  the  present  paper  to  establisii,  as  accurately  as  this 
material  will  permit,  the  orbits  of  the  comiianions  relative  to 
Ihat  of  the  main  comet  in  1889  ;  and  in  a  subsequent  paper 
to  trace  these  paths  back  through  Jupiter's  system  in  1886, 
and  show,  if  practicable,  how  tlje  action  of  Jupiter  and  his 
fourth  satellite  ojierated  to  produce  the  rupture. 

2.  To  begin  with,  it  is  necessary  to'  notice  some  of  the 
pliysical  ))henomena  presented  by  the  companions.  The 
notation  used  will  be  the  letters  assigned  by  Barnahd, 
/)',  r',  U  and  E,  in  order  of  the  distances  from  the  main 
cornel  A.  As  is  known,  B  and  C  were  detected  by  him  on 
Aug.  1,  with  the  12-inch,  D  and  E  on  Aug.  4,  with  the 
•'i()-incli.  It  is  desirable  to  remark  here  that  the  reason  for 
llieir  not  having  been  discovered  in  the  previous  mouth,  on 
.luly  8,  9  and  10,  cannot  have  been  sui)erposition  by  per- 
si)ective,  at  least  in  the  case  of  C  and  the  more  distant  com- 
panions ;  for  the  orbit  of  C  hereinafter  deduced  shows  that 
such  superposition  occurred  two  months  previous  to  dis- 
covery of  A  by  HuooKS,  and  gives  for  July  8  a  distance  of 
190"  at  62°. 5  position-angle.  That  the  companions  were  not 
seen  in  July,  may  be  naturally  ascribed  to  interference  of 
moonlight  up  to  about  July  20,  and  after  that  either  to  the 
fact  that  the  attention  of  observers  was  not  sulliciently 
directed  to  the  phenomenon,  or  to  the  fact  tllat  the  objects 
had  not  yet  become  bright  enough  to  be  easily  discernible. 
We  have  the  evidence  of  Stitalek  that  on  July  30  and  31 
notiiinsi  abnormal  was  noticed  with  the  27-incli  —  the  slight 


elongation  on  those  dates,  seen  by  him  in  ^1,  having  uo  rela- 
tion to  the  matter  in  hand.  Two  nights  after,  at  the  time  of 
discovery.  Bakxard  estimated  the  brightness  of  C  at  about 
one-fifth  that  of  ..-1.  It  then  gradually  increased  iu  brilliancy, 
also  becoming  less  diffused  and  develoi)iug  a  strong  conden- 
sation and  nucleus,  until  at  the  end  of  August  it  was  ac- 
tually brighter  than  A,  although  only  one-third  its  size.  In 
earl  J-  Septeml)er  it  was  about  equal  iu  brightness  to  A,  but 
from  the  middle  of  that  month  faded,  and  became  larger  and 
more  diffuse  until  it  disappeared,  iate  in  November.  The 
faint  nucleus  of  B,  in  the  beginning,  appears  to  have  been  a 
little  brighter  than  that  of  C,  and  its  coma  smaller  and  less 
diffused.  About  the  middle  of  August  it  had  grown  to  be 
larger  and  fainter  than  at  first,  later  more  rapidly  so,  being 
excessively  diflicult  to  see  or  measure  in  the  first  few  days  of 
September,  and  invisible  immediately  thereafter.  D  and  E 
were  measured  only  on  the  night  of  discovery,  and  were  seen 
only  at  rare  intervals  until  the  last  time  on  Aug.  29. 

Such,  briefly  described,  are  the  main  features  as  to  bright- 
ness and  visibility  of  these  objects.  I  beg  courteously  to 
dissent  from  the  view  which  has  been  confidently  ejqiressed 
that  the  diffusion  and  disappearance  of  U,  while  it  was  theo- 
retically increasing  in  brightness,  indicate  '•  that  it  actually 
dissipated  itself  into  space  and  absolutely  ceased  to  exist, 
if  indeed  it  were  uot  absorbed  into  the  main  comet."  Such 
a  conclusion  is  inherently  improbable,  unwarranted  by  any 
knowledge  we  possess  as  to  the  process  of  cometary  light- 
development,  and  contradicted  by  inferences  drawn  from 
other  cases,  of  which  only  the  most  analogous  need  be  cited  : 
namely,  that  of  the  two  nuclei  of  Hiki.a's  comet,  the  capri- 
cious action  of  which  affords  a  strict  counterpart  to  the  pres- 
ent instance.  It  will  be  recollected  that  fitful  alternations 
of  visibility  occurred  in  18-16  and  especially  in  18.i2,  when 
they  repeated  themselves  almost  from  day  to  day.  The  two 
companions  were  not  habitually  seen  at  the  same  lime,  but 
sometimes  one,  sometimes  the  other  ;  so  that  observers  could 
not  tell  which  they  were  looking  at.  without  comparison  with 
the  ephemeris.     Thus  in  the  space  of  one  week,  for  example. 
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1852  Sept.  15  to  22,  both  nuclei  were  visible,  then  only  the 
southern,  then  only  the  northern,  then  botli  together,  again 
only  the  southern,  and  finally  only  the  northern,  on  successive 
nights,  respectively. 

It  may  be  added  that  there  appears  to  be  little  reason  for 
interpreting  these  remarkable  variations  of  brilliancy  as 
standing  in  any  relation  of  effect  with  tiie  cause  which  pro- 
duced the  disruption,  either  in  Bikla's  comet  or  in  1889  V  ; 
but  much  more  for  supposing  that  similar  behavior  may  be 
common,  in  greater  or  less  degree,  escaping  attention 
ordinarily  from  the  difficulty  of  photometric  comparisons  in 
the  case  of  isolated  comets,  but  easily  attracting  the  eye, 
by  contrast,  when  two  objects  uearly  alike  are  in  the  same 
field. 

3.  Tiie  companion  C  was  by  far  the  most  continuously 
and  generally  observed,  and  indeed  the  only  one  in  which 
there  are  adequate  means  for  the  determination  of  a  satis- 
factory orbit.  AVitli  a  few  exclusions  for  mistakes  or  in- 
completeness, we  have  155  positions,  covering  an  interval  of 
114  days,  contrilwled  by  16  observatories.  Of  tliese  the 
Lick  series,  by  Baunakd,  constitutes  over  oue-third,  be- 
gins earlier,  ends  later,  and  is  more  continuous  than  any 
other.  It  has  a  superior  degree  of  excellence  as  to  small- 
ness  of  accidental  error  ;  and,  uotwitlislandiug  some  small 
peculiarities  that  will  appear  later  in  the  discussion,  we  may 


be  warranted  in  assuming  that  the  advantages  of  exceptional 
atmosphere  and  aperture  reduce  to  a  minimum  the  chance 
for  varying  systematic  error,  dependent  on  the  changing  as- 
pect of  this  faint  ol)ject  during  its  long  season  of  visibility. 
I  have,  therefore,  unhesitatingly  chosen  this  series  as  a  zero 
of  reference  for  the  constant  erroi's  of  the  other  observa- 
tions, and  have  also  given  an  independent  solution  based  on 
the  Lick  observations  alone,  for  comparison  with,  and  rein- 
forcement of,  the  conclusions  drawn  from  the  general  solu- 
tion. While  according  it  this  merited  distinction,  I  may  be 
pardoned  for  the  following  remark.  For  the  value  of  tlie 
screw-revolution  of  the  micrometer  of  the  SO-inch,  a  mean 
was  taken  between  a  determinatiou  made  by  Kebler  for  use 
in  measurement  of  the  satellites  of  Mars,  —  and  deseribcd 
by  him  as  a  provisional  one,  suflicieutly  accurate  for  that 
purpose  {A.J.  Viri,"3),  — and  one  by  Hukniiam,  presuma- 
bly for  use  with  close  double  stars.  While  the  accuracy  of 
these  is  unquestioned,  a  searching  and  independent  verifica- 
tion of  this  important  constant  would  secure  a  control  against 
possible  accumulated  error  over  the  rauge  of  forty  or  more 
revolutions  employed  for  the  measurement  of  the  companions. 
The  value  adoi)ted  for  the  micrometer  of  the  12-inch  was 
14". 057,  which  differs  considerably  from  that  given  on  p.  C5, 
Vol.  I,  of  the  Lick  Publications  (14". 086 ±0". 010),  but  may 
be  presumed  to  be  more  accurate. 
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—   .15 

— 

0.4   P:A 

19.778 

21.09      170.3 

1 

—  .09 

—     0.7 

L:  B(12) 

4.713 

20.44 

168.6 

2 

—  .01 

— 

1.1    L:  B 

19.830 

21.00;     169.5 

2 

.00 

+     0.1 

L:  15 

10.672 

19.99 

163.7 

2 

-.07 

+ 

1.1    L:  B 

20.419 

20.89      166.0 

1  1 

+   .12 

+     3.7 

M  :  P. 

11.708 

19.71 

161.0[ 

2 

+   .07 

0.0   L  :  B 

20.474 

20.90      180.7 

0  \ 

+   .11 

—  11.0 

0:  P 

14.385 

19.65 

161.8 

u 

—  .17 

+ 

0.6   P:  K 

20.846 

21.03;     170.5 

2 

-  .02 

—     0.8 

L:  V, 

14.754 

19.38 

163.4 

2 

+   .06  — 

1.21  L:  B 

21.327 

21.01!     165.0 

1 

.00 

+     4.8 

M  :  15 

15.369 

19.41 

154.4 

1 

—  .04 

+ 

7a\3I:B 

21.386 

20.96 

168.9 

1 

+   .05 

+     0.9 

A:H 

15.741 

19.32 

160.9 

2 

+  0.01 

+ 

0.6!  L :  B 

21.759 

20.90 

171.6 

2 

+   .10 

—     1.8 

L:  1! 

17.309 

19.15 

154.1 

1 

.00 

+ 

6.3 

M:B 

22.343 

21.05 

171.7 

2 

—  .05 

—     1.8 

P:K 

17.452 

20.75 

167.7 

0 

—1.61 

— 

7.4 

0:  P 

22.411 

20.68 

182.8 

0 

+   .32 

—  12.9 

0:P 

18.531 

18.46 

160.2 

1 

+0..54 

— 

0.6 

C  :  W 

22.465 

20.57 

174.1 

1 

+   .43 

—     4.2 

P:A 

19.378 

18.91 

164.3 

0 

-  .Olj- 

5.3 

O:  P 

22.752 

20  95 

170.6 

2 

+    .04 

—     0.7 

L:15 

19.446 

18.89 

161.4 

1 

.ooj- 

2.51  S  :  B 

23.337 

20.78 

173.5 

1 

+   .21 

+     3.6 

M:  15 

21.436 

18.56 

158.1 

li 

+   .08 

— 

0.61  A:R 

23.372 

21.20 

174.7 

1 

+   .21 

—    4.8 

A:  K 

21.484 

18.28 

166.9 

0 

+   .35 

— 

9.4]  0:P 

23.473 

21.56 

169.1 

i 

—  .57 

+     0.8 

D:E 

22.372 

18.94 

133.7 

0 

—  .42 

+ 

23.0 

P:  A 

23.740 

20.90 

168.7 

2 

+   .08 

+      1.2 

L:  B 

22.388 

18.39 

159.0 

u 

+   .13 

— 

2.3 

A:R 

24.339 

21.04 

169.9'  2 

—  .08 

0.0 

P:  H 

23.326 

18.12 

153.5 

I 

+   .28 

+ 

2.5'm:B 

24.346 

20.51 

166. 3   1 

+   .45 

+     3.6 

M  :  P. 

23.386 

18.80 

154.0 

1 

—  .40 

+ 

2.0  V  :  S 

24.350 

20.85 

169.9]  1 

+   .11 

0.0 

A:  B 

23.586 

17.73 

156.9 

1 

+   .64]— 

1.1    C:  W 

24.379 

20.87 

170.1:  1 

+   .091—     0.2 

M:B 

23.724 

18.28 

156.1 

2 

+   .07I- 

0.4    I. :  r. 

24.396 

20.92 

167.7   1 

+   .04  +     2.2 

P:A 

24.276 

18.26 

150.4 

li 

+    .02  + 

4.9   P:K 

24.862 

20.92 

171.1    2 

+   M 

—     1.2 

1  L:  B 

24.386 

18.40 

153.8 

r 

—  .14  + 

1.4   V:  S 

25.379 

20.89 

183.0  0 

+    .0.: 

—  13.2 

0:  P 

24.452 

18.24 

161.9 

0 

+   .011— 

6.7  0:P 

25.428 

20.92]     172.0   1 

+   .02'—     2.2 

P:A 

24.74« 

18.27 

153.5 

2 

—  .06  + 

1.4   L:  B 

1             25.468 

21.01      175.8   1 

—  .07;—     6.0 

!  B  :  U 

27.30E 

18.04 

153.9 

2 

-  .15- 

1.0  P:R 

25.831 

20.89;     171.3  2 

+   .04—     1.5 

L:  B 

28.701 

17.65 

153.3 

2 

+  .06  — 

1.5  L:  B 

26.346 

20.74 

166.8   1 

+   .17+     2.9 

M  :  P. 

30.70f 

17.42 

149.3 

2 

+   .02,+ 

0.8   L:  B 

26.434 

20.68 

165.9  i 

+   .23+     3.8 

P:K 

Nov.  in.63( 

)      16.05 

141.2 

2 

+   .Oil— 

0.3   L:  B 

26.533 

20.69'     176.3   1 

i+  .211—    6.e 

,B:U 

11.62: 

>      15.88 

1     141.9 

2 

+  0.05  — 

1.8,  L:  B 

26.86; 

20.85      171.3  2 

1+   .04!—     l.€ 

1  L  :  B 

12.28. 

)      14.37 

1     141.0 

0 

+  1.48  — 

1.5  0:P 

27.34? 

20.57      165.8   1 

1+   .30|+     3.? 

M  :  B 

13.fi2f 

)      15.71 

139.S 

2 

—0.02  — 

1 .0  L  :  B 

27.382 

20.52|     476.7  0 

,+   .35—307.1 

;  B:  (; 

14.60 

15.1! 

135. S 

1 

+   .39  + 

1.6  C:  >V 

27.38E 

20.82;     170.0   1 

i+   .05—     O.J 

\  P:  A 

15.52 

"      15.41 

142.( 

)  1 

+    .07  — 

5.3   C  :  W 

27.4U 

)      20.82 

171.1    1 

+   .04;-     1..^ 

)   M:  B 

1(;.52 

15.0' 

139. 4 

[  1 

+  .28— 

3.6   C  :  W 

27  7l£ 

)      20. 8S 

170.1    2 

_  .03—    0.( 

)    L:  15 

28.36 

20.2? 

178.2;  1 

+   .55—     8.i 

<  M  :  B 

24.65 

5      14.2: 

126.1 

2 

+  .22  + 

2.8,  L:  B 

28.38 

+  21.11 

4-173.3   1 

_0.28i—     3. 

)   A:R 

25.70 

I+14.4J 

5  +125.^ 

2 

—0.15;  + 

2.6  L:  B 

4.  Tlio  above  table  contains  tlie  observations  of  llie 
companion  C  refened  to  A,  expressed  in  differences  of  riglit- 
ascension  and  declination,  in  tlie  sense  C — .-rl ;  omitting 
only  a  few  cases  which  were  iucomph'te,  or  wiiich  were 
merely  estimates,  or  whicli  were  indicated  by  the  observer 
as  uncertain.  The  times  are  corrected  for 'aberration.  At 
Pulkowa,  Paris  and  Lick,  distances  and  position-angles 
were  observed  ;  at  the  other  observatories  R.A.  and  Decl. 
differences,    generally    with    the    filar  micrometer,  but    at 


Cambridge  wilii  tlie  square-bar.  The  published  coordi- 
nates for  Paris  luul  Lick  have  been  converted  into  the 
adopted  system  ;  those  for  Pulkowa  were  already  so  given 
l)y  the  observer.  Corrections  for  the  proper  motion  of  the 
comet  have  been  applied  to  the  observed  differences  where 
the  comparisons  with  it  and  tlie  companion  were  not  simul- 
taneous. 

The   system   of  weights   is  described   in  section  6.     Tlic 
residuals  C — O  are  the  comparisons    witli   the  preliminary 
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eplioiMcris  given  in  section  .').  Tiie  luillioiity  is  indicated  hy 
two  initials,  tlie  first  being  that  of  the  observatory,  tiie 
second  that  of  tlie  observer,  tluis  : 


a.  To  obtiiin  a  preliminary  ephenieris  for  comparison 
witii  the  observations  I  compnted  a  provisional  set  of  differ- 
ences of  the  elements  of  A  and  C,  by  processes  precisely 
similar  to  those  by  which  the  definitive  system  hereafter 
given  were  deriveil.  Instead  of  a|)plying  these  to  the  ele- 
ments of  A  to  get  those  of  C,  and  calcnlating  from  botir 
sets  the  places  of  the  two  components,  I  arranged  the  fol- 
lowing forninlas,  which  give  the  desired  differential  epheme- 
ris,  by  a  single  five-place  computation,  with  much  greater 
accuracy  and  one-third  the  labor  of  the  double  seven-iilace 
computation  by  the  ordinary  methods. 

s  sin  /S  =:  )•  sin  a  cos(A+v)  da  +  sin  a  siu(^+'y)  dr 
scosS  =  r  sin  6  cos(B+v)  du  +  sin  6  siu(.B-|-v)  dr 
scos{<S+a) 


J« 


J6  = 


A  cos  <5 

s  sin(5'+rt) 


+ 


A 

C0S('i 

A 


sin  d 


[' 


sine  cos (C+v)  (?»/  +  sin  c  sin(C'+i') ''/■ 


Adoi)ting  from  the  provisional  sobition  above  mentioned, 
-4T  -=  —•^.■22U,  Jm  =  —172". 5,  /Jq  —  —.000471, 
and  putting  the  other  differences  =  0,  we  find,  from  the 
partial  differentials  of  n  and  r  with  reference  to  T,  w  and  cj. 
the  values  of  du  and  dr  for  use- in  the  above  formulas, 

du  —   (3.12810)  \,  +  (0.33783)  i3„- — ]  72"..')0 

dr  =  (2.34322)  sin'U+ (9.55295)  sin  y(/—T)-f-(nl.69735)r 

the   coefficients   being   logarithmic.       The   othei-   quantities 


needed  were  found  from  my  elements  on  p.  101.  Vol.  IX, 
after  referring  them  to  1889.0,  as  follows: 


SyinlM.l 

Ohsciviilory 

(tl)servcr 

No.  olis. 

A:R 

Algiers 

•Rambaud 

14 

A:S 

Algiers 

Sy 

2 

B  :  V 

Bordeaux 

C'ourty 

1 

n  :  H 

Bordeaux 

Havet 

2 

C:  VV 

Caml)iiili>e 

Wendell 

5 

D:E 

Dresdi'ii 

v.  Kngi'lhardl 

1 

L:H 

Lick 

Harnaril  (.'iO-inch) 

.VI 

L:I?(I2 

)     Lick 

Barnard  (12-iiich) 

3 

L:C 

Lyons 

Le  Cadet 

1 

M:B 

Marseilles 

Borrelly 

16 

M:B 

Munich 

Bauschinger 

3 

N:C 

Nice 

Charlois 

6 

0:P 

Orwell  Park 

Plunimer 

13 

P:  A 

Palermo 

Agnello 

1 

P:A 

Padua 

Abetti 

5 

P:B 

Paris 

Bigourdan 

3 

P:K 

Paris 

Klumpke 

3 

P:U 

Pulkowa 

Renz 

14 

S:  B 

.Strassburg 

Becker 

3 

V:P 

^'ieuna 

Palisa 

1 

V:,S 

Vienna 

Spitaler 

4 

1889  .Sept.  30.0119  Or. 
343°  27'  30".0 


S2  =     17  57  57 
/  =       6     4    10 
log  a  =  0.56()I000 
log  e  =  9.967J74  7H 

log  7   —  0.29()();)8G 


A  =     91°  19' 4  7". 57 
B  =       2    22  31  .26 

C  =  357  59  38  .95 
og  sin  a  =  9.99976.'i9 
og  sin  h  =  9.9409240 
osj  s\n  <:  =  9.6H94273 


To  the  e|)liem('ris  so  obtained  were  added  +0".017  and 
+  0".18,  determined  as  the  correction  for  the  non-linear 
character  of  the  relations  between  the  differences  of  the 
elements  and  those  of  the  geocentric  places.  Strictly  this 
correction  is  not  constant  for  the  whole  interval,  but  the 
error  of  assuming  it  to  be  so  is  not  over  0'.003  and  0".03 
in  any  case.  The  differential  reduction  from  mean  to  appar- 
ent equinox  in  no  case  exceeds  O'.OOl  and  0".01. 

The  ephemeris  was  interpolated  to  single  days  ;  it  is  suf- 
ficient here  to  give  it  for  each  third  day.  Its  comparison 
witli  the  observations  is  given  in  the  columns  C — O  in  the 
foregoing  section,  and  shows  that  these  provisional  elements 
must  be  extremely  close  to  the  definitive  values. 

Ephemekis  for  Greenwich  Noon. 


Auc 


Sept. 


9 

■i"- 

■'i 

1889 

J« 

Jd 

1 

+  15'.  131 

-M  20.48 

Oct.    3 

+  2o'.555 

-|-168"l7 

4 

i.").<;23 

124.65 

6 

20.322 

166.98 

7 

1  0  1  1  8 

128.80 

9 

20.050 

165.53 

10 

lO.dll 

132.91 

12 

19.745 

163.86 

13 

17.100 

136.95 

15 

19.414 

162.00 

16 

17.5,S0 

140.01 

18 

19.062 

159.98 

19 

18.049 

144.75 

21 

18.693 

157.81 

22 

18.502 

148.43 

24 

18.312 

155.52 

25 

18.933 

151.93 

27 

17.924 

153.15 

28 

19.336 

155.20 

30 

17.534 

150.70 

31 

19.706 

1.VS.21 

Nov.    2 

17.145 

148.21 

3 

20.039 

160.92 

5 

16.760 

145.69 

6 

20.330 

163.32 

8 

16.381 

113.14 

9 

20.573 

165.36 

11 

16.010 

140.58 

12 

20.765 

167.04 

14 

15.647 

138.00 

15 

20.903 

168.33 

17 

15.295 

135.43 

18 

20.985 

169.23 

20 

14.954 

132.87 

21 

21.007 

169.75 

23 

14.623 

130.32 

24 

20.974 

169.89 

26 

14.303 

127.75 

27 

20.885 

169.65 

29 

-1-13.992 

-f- 125. 19 

30 

-f-20.744 

-1- 169.07 

6.  The  constant  errors  were  investigated  by  using  the 
Lick  series  as  a  system  of  reference,  for  the  reasons  stated 
in  section  3.  For  this  pui-pose  the  following  table  of  cor- 
rections was  computed,  by  means  of  the  elements  deduced 
from  the  Lick  observations  alone,  in  section  8. 


Aug-. 


Sept. 


5 

-i-o.oio 

+  0.70 

Oct.    4 

—0.001 

+  0.05 

15 

.013 

.61 

14 

.008 

—0.09 

25 

.009 

.52 

24 

.016 

.20 

4 

.007 

.37 

Nov.    3 

.023 

.27 

14 

.006 

.29 

13 

.030 

..33 

24 

-i-0.004 

+  0.18 

23 

—0.038 

—0.37 
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The  corrections  interpolated  from  this  table  were  applied  to 
tiie  values  of  C — O  iu  section  4,  and  the  results  for  tiie  sepa- 
rate observatories  assembled.  Their  mean  values  and  proba- 
ble errors  are  given  below  in  the  third  and  fourtli  columns. 
.Subtracting  these  from  the  individual  residuals,  the  out- 
standing quantities  may  be  regarded  as  purely  accidental, 
and  give  the  probable  errors  of  a  single  observation  as  in  the 
fifth  colunm.  By  means  of  this  table,  and  certain  general 
considerations  which  need  not  be  particularized,  the  system- 
atic corrections  and  weights  were  adopted  as  in  the  last  two 
columns. 

The  results  given  show,  as  was  naturally  to  be  expected, 
decided  personal   differences  between   the   right-ascensions 


deduced  from  transits  and  those  from  position-angles  and 
distances ;  such  are  especially  noticeable  in  the  Cambridge 
results,  and  less  so,  but  still  distinct,  at  Marseilles  and  Nice. 
It  is  also  manifest  that  in  the  earlier  observations,  when  the 
companion  was  very  faint,  the  same  point  of  its  figure  was 
not  taken  for  bisection  at  Vienna  and  at  Lick.  Unfortu- 
nately the  former  series  is  not  numerous  enough  to  settle 
certainly  the  nature  of  the  systematic  difference. 

The  observations  of  both  B  and  C  suggest  its  want  of 
constancy,  and  I  have  felt  at  liberty  to  modify  slightly  the 
first  normal  place  in  R.A.  ou  this  account,  although  from 
its  small  weight  the  effect  on  the  solution  is  quite  trivial. 


No. 
obs. 


Systematic  difference  and  probable  error, 
in  n  I  in  6 


Prob.  error  single  obs 
in  ((  in  ct 


Adopted  correction 


ma 


i  Wt.  by  no.  of  I 
;  comparisons  I 
1—5,5— 10.  l(H-i 


Lick  (36) 
Lick  (1-2) 
Pulkowa 
Paris  (B) 

Vienna 

Strassburg 

Algiers 

Nice 

Marseilles 

Cambridge 

Padua 

Munich 

Palermo 

Dresden 

Lyons 

Bordeaux 

Paris  (K) 

Orwell  Park 


54 
3 

14 
3 


3 
16 

6 
16 


13 


0.011 
.127 


.013 
.048 
.192 
.210 
.360 
.078 
.027 
.43 
..t7 
.29 
.07 
.14 
0  O.iS 


±0.048      ±0.80 


±0.024 


+   .074      ±    .134 


±  .042 

±  .033 

±  .029 

±  .069 

±  .064 


+   0.35 
+   0.63 

+  3.80   ±1.24 


—  0.30 
+  0.01 
+  0.97 
-I-  2.40 

—  2.02 

—  0.94 
+  1.97 
+  22.9 


±0.32  I    ±    .087      ±1.21 


±0.41 
±0.32 
±0.73 
±0.82 
±0.69 


-I- 


±0.123  1  — 


I.O 
1.0 
0.6 

;;.9 


±    .299      ±2.81 


.167 
.080 
.116 

.155 
.143 


r: 


±1.63 
±0.78 
±2.91 
±1.83 
±1.55 


0.00 
.00 
.00 
00 
.27  1 
00  \ 
.00 
.00 
.12 
.20 
.36 

0.00 


0.0 
.0 
.0 

0.0 

-f  2.0 

0.0 
.0 

0.0 
+  1.5 
—  2.0 

0.0 


1        U 
1 


.79   ±0.73  .    ±0443     ±2.61   \ 


7.  The  following  normal  differences  were  then  rorincd, 
according  to  the  grou[)iugs  indicated  in  the  table  of  observa- 
tions in  section  4. 


Date 

P 

J« 

J6 

COS,,rf0 

"', 

Aug.     5.0 

8 

+  15.757 

+  126.18 

—0.34 

+o.:i4 

19.0 

13 

18.080 

144.81 

+  0.43 

—0.17 

28.0 

28 

19.283 

155.38 

— O.Gl 

+  0.55 

.Sept.    3.0 

241 

20.073 

161.03 

+  0..50 

—0.14 

17.0 

29 

20.992 

168.44 

+  0.11 

—0.67 

.23.0 

•271 

20.972 

170.49 

+  0.01 

+  0.66 

30.0 

27 

20.724 

169.59 

— (1.01 

+  0.60 

Oct.    16.0 

16.',- 

19.291 

160.82 

— 0.36 

—0.40 

26.0 

LH 

1S.()71 

153.48 

—0.01 

—0.53 

Nov.   13.0 

it 

15.796 

139.69 

+  0.7.H 

+  0.52 

25.0 

4 

+  14.373 

+  125.90 

—  1.77 

—2.10 

The  perturbations  of  Venux,  Earth,  Maris,  Jtijuter  and 
JScUiirn,  which  I  had  already  computed  for  the  whole  appear- 
ance, for  the  definitive  orbit  of  the  main  comet,  were  of  an 
order  to  warrant  the  inference  that  the  differential  planetaiy 
disturbance  of  the  two  components  is  entirely  inappreciable. 
It  was  deemed  advantageous  to  ado|it  the  (ihuie  of  the  un- 
disturbed orbit  of  ..1  as  the  plane  of  reference  for  the  geo- 
ceutric  differences  .lit,  /l^.  'i'lie  last  two  colunins  above, 
e.os-i,il0.di,,  arethereforc  the  deviations  (O — C)  in  this  system 
of  coordinates  to  be  satisfied  by  the  corrections' t<«  the  assumed 
values  of  the  elements.  Referring  the  plane  and  niajiu'  axis 
of  the  assumed  orbit  of  yl.(sect.  5.)  to  the  equator  of  1889.0, 
we  have 


a'  =  357°  59'  39".0, 


=  3°  49' 2.3".  17,     i'  =  29''  17'  r.2. 


We  then  liiid  tiie  follo\fing  equations  of  condition  for  the 
longitudes  : 
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+  1.6132  //x'— 41)470 

je  —2530.9  . 

ir +44448    Iq 

=  —0.34 

8 

+ 1 .8050 

—41150 

—2839.4 

+  38244 

=  +0.43 

13 

+  1.9175 

—34039 

—3017.8 

+  35061 

=  —0.61 

28 

+  1.9791 

— 2KG55 

-3115.1 

+  33192 

=    +0.50 

24i 

+  2.0539 

—  14245 

—3236.1 

+  28984 

=  +0.11 

29 

+  2  0493 

—  7693 

—3232.2 

+  26.S96 

=  +0.04 

27J 

+  2.0154 

—         6 

—3184.1 

+  23890 

—  —0.01 

27 

+  1.847H 

+  16112 

—2934.7 

+  14223 

=  —0.36 

16* 

+  1.7070 

+  24r„S8 

—2720.4 

+   6828 

=  —0.01 

15i 

+  1.4597 

+  37017 

—2327.3 

—10273 

=   +0.78 

9" 

+  1.3145 

+  42060 

—2091.8 

—21897 

=  —1.77 

4 

aiul  for  tlie  hitiliidcs  : 

p 

+  0.0509 

1^  +  294.0  .-/e 

—48  98  /r  + 16332  ,Jq 

—0.7549  JQ, 

— 0.7568  ^t 

=   +0.34 

8 

+  0.0400 

+  1G3.0 

—38.91 

+ 1 6334 

—0.8576 

—0.6466 

=  —0.17 

13 

+  0.0282 

+  126.G 

—26.57 

+  15243 

—0.9162 

—0.5509 

=  +0.55 

28 

+  0.0101 

+  109.0 

—17.02 

+  13984 

—0.9487 

—0.4766 

=  —0.14 

24J 

+  0.0014 

+   53.1 

+    2.30 

+   9548 

—0.9947 

—0.2752 

=  —0.67 

29 

—  0.0030 

+    24.9 

+   6.54 

+   7165 

—0.9988 

—0.1816 

=  +0.66 

27^ 

—0.0045 

0.0 

+    7.12 

+   42.54 

—0.9918 

—0.0711 

=   +0.60 

27 

+  0.0046 

+   20.2 

—  6.13 

—   1965 

—0.9297 

+  0.1662 

—  —0.40 

16^ 

+  0.0147 

+   80.4 

—18.70 

—  4974 

—0.8696 

+  0.2928 

=  —0.53 

15^ 

+  0.0-2SH; 

+  119.0 

—34.60 

—  8305 

—0.7458 

+  0.4683 

=  +0.52 

9 

+  0.0350 

+,  52.8 

—37.93 

—  9179 

—0.6625 

+  0.5500 

=  —2.10 

4 

A  casual  inspection  of  tliese  equation.s  shows  that  tlie  co- 
eflScients  of  J^'  and  JT  are  rehited  by  a  nearly  constant  fac- 
tor of  about — 1583  for  the  longitudes,  and  of  about  — 1000 
for  the  latitudes.  Although  these  factors  are  so  different, 
the  latitude  coefficients  are  so  small  rehitively,  tliat  the 
numerical  indcterminateness  of  the  solution  is  not  thereby 


much  relieved.  The  elimination  was  tiicrefore  arranged  to 
determine  tlie  otlier  live  elements  in  terms  of  T.  Putting, 
for  convenience,  x  —  Jx',  y  =  0.0001  z/e,  z  =  O.OQ\  JT, 
?t  =:=  0.0001  .Jj,  tc:^=JQ'.  w  =  Ji'.  tiic  normal  equations 
are, 


+ 


(.295a;  —  425.137?/  +   989. 8U<  —     2.327»t  —  1.012)0  —1163.7072  =  —  4.875 


—  425.137  +1348.053  —1129.836  -^     1.409 
+   989.814  —1129.836  +1856.804  —140.570 

—  2.327  —       1.409  —  140.570  +175.073 

—  1.012  —       0.587  —     83.795  +   40.726 
—1163.707  +   665.645  —1557.461  +      2.052 

tlie  solution  of  which  gives, 

X  =  —0.155428  +  1.582953  z 
y  =  +0.062214  +  0.004050  s 
't  =  +0.137624-0.001666  2 
u  =  +0.080314  +  0.005392  2 
w  =  —0.135375  +  0.011213  z 

The  value  of  z  which  makes  [iin.  6]   a  uiininium,  is  +8.3, 
whence 

a;  =  +13.0  u  =  +0.125 

V  =  +  0.095  w  =  —0.042 
t  =  +   0.124 

expressing  which  in  terms  of  the  elements,  and  adding  to 
thf  assumed  values,  we  have,  since  /ia'  =  z/^'  —  cosi'/JQ,', 
the  differences  of  the  elements  of  A  and  C,  with  their  prob- 
able errors, 


0.58; 
—83.795 

+  40.726 
+  32.289 
+    0.834 


+  665.645 
—1557.461 
+  2.052 
+  0.834 
+  1836.790 


=  +31.438 
=  —10.524 
=  —12.511 

=   +    7.835 


f  /iT  =  — 0«.2152        ±0.0141 

I  z/co'=  — 159".50        ±22". 25  +      1582.95  dT 

I  z/e    =  +0.0000095  ±0.0000195  +0.0004050  dT 

]  /Iq    =   —0.0004586  ±0.0000364  —0.0001666  clT 

I  JSl'=  +0".12  ±0".20  +  5.392  clT 

I  Ji'  =  — 0".04  ±0".89  +        11.213  dT 


It  will  be  seen  that  the  differences  in  e.  Si'  and  i',  are  evan- 
escent, and  much  below  their  probable  errors.  The  truth  of 
this  curious  result  is  independent  of  the  indelerminateness, 
to  a  moderate  amount,  in  T;  for,  assuming  a  possible  error 
in  the  latter  of  five  times  its  probable  error,  in  either  direc- 
tion, the  corresponding  dift'erence  in  the  nodes  of  the  com- 
ponents A  and  C  will  lie  between  — 0".26  and  +0".50  ;  that 
of  the  inclinations  between  — 0".84  and  +0".72;  and  that 
of  the  eccentricities  between  —0.0000189  and  +0.000379; 
quantities  which  are  below  the  capacity  of  the  observations 
to  distinguish. 

The  discussion,  therefore,  establislies  the  important  Drop- 
osition  that  the  force  which  led  to  the  separation  of  the 
components  A  and  C,  whatever  its  nature,  operated  in  the 
plane  of  the  comet's  orbit,  and  produced  no  change  in  that 
plane  or  in  the  form  of  the  conic  section,  but  only  in  its 
size,  and  in  the  direction  of  its  major  axis. 

AVe  are  authorized,  in  view  of  this  conclusion,  to  disregard 
the  nominal  differences  in  the  node,  inclination  and  eccen- 
tricity, and  to  adopt  the  results  of  a  solution  in  which  these 
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are  assumed  to  be  zero.  Thus  we  obtain  from  the  foregoing 
normal  equations,  on  this  hypotiiesis, 

x  =  —0.1032  +  1.59058  2,         «=  +0.07194  — 0.00911  z, 

and,  to  reduce  [n7i.  3]  to  a  minimum,  z  =  — 8.6.  Conse- 
qiieutly  we  have  as  the  definitive  values  of  the  differences  of 
the  elements  of  A  and  C, 


(  JT  =  — 0''.2321 

ll]        /tw  =  J(o'  =  — 186".28-    +1590.58  dT 
(  Jq     =  —0.000456  —0.0009  llrfr 

from  which  we  find  [73^1']  =  107.72.  The  solution  (I), 
with  six  unknowns,  gave  104.83.  The  difference  is  merely 
nominal.  The  deviation  O — C  of  both  hypotheses  from  the 
normal  places  is  here  added,  for  comparison. 


cos  t;d9 

dr> 

I 

II 

I 

II 

Aug.    5 

— o"39 

— o"55 

— o".06 

+o'.'37 

19 

+  0.45 

+  0.31 

—0.49 

—0.20 

28 

—0.60 

—0.6(3 

+  0.31 

+  0.49 

Sept.    ;{ 

+  0.49 

+  0.49 

—0.32 

—0.23 

17 

+  0.04 

+  0.15 

—0.71 

—0.77 

23 

—0.03 

+  0.07 

+  0.G7 

+  0.57 

30 

—0.08 

+  0.03 

+  0.67 

+  0.54 

COH7id$ 

dl 

1              II 

I             II 

Oct.    16 

—0.34     —0.34 

—0.26     —0.36 

26 

+  0.08     +0.02 

—0.38     —0.41 

Nov.  13 

+  0.89     +1.04 

+  0.64     +0.75 

25 

—1.63     —1.31 

—2.02     —1.81 

8.  The  extent,  homogeneity  and  excellence  of  the  Lick 
series  of  observations,  by  Barnard,  entitle  it  to  distinct  and 
separate  treatment,  for  the  reasons  and  purpose  set  forth  in 
section  3.  I  have  therefore  made  an  indei)endent  solution 
by  the  same  methods  as  for  the  general  one.  Suppressing 
the  details,  it  will  suflice  to  give  the  resulting  elements,  and 
their  comparison  with  the  individual  observed  position-angles 
and  distances.  The  elements  thus  derived,  employing  only 
the  observations  with  the  36-inch,  are 


JT  =  — 0''.2170 
z/o)  =  — 162".4 
/Iq  =  —0.000454 


-III 


The  corresponding  corrections  to  the  cphemeris  in  section  5 
have  already  been  given  in  the  beginning  of  section  6.  Con- 
verting into  distance  and  position- angle,  we  find  the  fol- 
lowing residuals  ^C — O). 


Alio;. 


Sept. 


3 

+  0.66 

+  0.32 

Sept.    4 

+  1.32 

—0.24 

Sept. 

30 

—0.24 

—0.04 

4 

—0.38 

+  0.21 

5 

—0.34 

—0.24 

Oct.  1* 

+  0.46 

+  0.13 

5 

--0.46 

+  0.30 

5 

—0.93 

—0.14 

2 

—0.57 

- 

16 

+  0.37 

+  0.15 

12 

- 

—0.16 

.3 

—0.10 

- 

17 

+  0.03 

—0.25 

14 

—1.04 

—0.28 

4 

— o.(;6 

+  0.14 

IS 

—0.40 

—0.05 

15 

—1.37 

-0.49 

10 

—  1.01 

—0.27 

19 

—0.39 

—0.15 

16 

+  0.38 

—0.10 

II 

— (t.79 

+  0.09 

20 

+  0  01 

—0.45 

17 

+  0.81 

—0.01 

14 

—0.18 

+  0.24 

21 

—0  60 

+  0.65 

18 

+  0.11 

—0. 1  I 

15 

+  0.26 

—0.08 

22 

—0.10 

—0.15 

19 

—  1.33 

— o.o;5 

23 

+  0.37 

+  0.16 

23 

—0.11 

—0.15 

19 

+  0.38 

—0.(13 

L'4 

— 0..!3 

—0.29 

24 

—  1.52 

+  0.15 

20 

—0.47 

+  0.06 

28 

—0.41 

+  0.33 

25 

—0.59 

—0.05 

21 

+  0.69 

+  0.35 

30 

+  0.50 

—0.06 

26 

+  0.72 

+  0.36 

22 

+  0.42 

+  0.13 

Nov. 

10 

—0.70 

+  0.07 

27 

+  0.56 

+  0.26 

23 

+  1.76 

—0.09 

II 

—0.78 

+  0.44 

28 

+  1.19 

+  0.06 

24 

0.00 

+  0.19 

13 

—1.31 

+  0.17 

29 

+  0.60 

+  0.16 

25 

+  0.04 

+  0.17 

16 

- 

+  0.16 

31 

—0.24 

+  0.26 

26 

—0.20 

+  0.25 

24 

+  3.(52 

—0.1  I 

2 

+  0.52 

+  0.37 

27 

—0.59 

+  0.03 

25 

—  1.2s 

—0.76 

3 

—0.76 

—  0.03 

28 

+  0.27 

0.00 

4 

—  0.44 

—0.04 

29 

+  0.76 

+  0.08 

The  probable  errors  of  a  single  observation,    ±0". 613  and      form  of  unconscious  and  nnavoidnble  bias  of  the  observer, 
±0°.175,    although,  for  obvious  reasons,  considerably  larger      or  possibly  to  apparent  changes  in  the  physical  appearance 


than  those  given  by  Baknakd,  are  nevertheless  highly  satis- 
factory, and  emphasize  the  advantageous  cimditions  enjoyed 
at  that  observatory.  The  persistence  of  the^  same  sign  in 
the  residuals  diu-ing  series  of  nights  together,  especially 
noticeable  in  the  position-angles,  may  be  attributed  to  some 


of  the  comet  or  its  companion. 

Deferring  for  the  present  the  general  consideration  of  the 
results  given  in  this  paper,  the  orbits  of  the  other  companions 
will  receive  attention  in  an  earlv  niiinbor. 


Cambridge,  .Vci.s.s.,  1891  Feb.  2. 
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OHSEK.VI<]D  MAXIMUM   OF    U  GEMlNOliUM, 

15V   l'.\L'I,  S 

This  vai'i:il)If  liiis  loccntly  passiui  :i  biiglil  iii:ixiiiniiii.  ll 
was  uot  secii  wlieii  looked  for  1891  Jan.  3,  when  stars  of 
11.0  uiaji;.  were  well  seen  ;  at  the  next  observation,  Jan.  8, 
the  star  was  near  its  inaxiniiini,  beinj;  equal  to  KNurr's  com- 
parison-star C,  whose  magnitude  according  to  Haxkndki.i,  is 
y".2  ;  from  this  date  to  .January  16,  eight  observations  were 
obtained,  indicating  ma-xinuiiii  about  Jan.  9.7,  local  M.T., 
at  a  magnitude  estimated  at  8.9. 

The  individual  observnlions  are  a.-i  follows,  the  magnitudes 
being  carefully  cstimalcd  from  IUxkndki.i.'s. 

*  Ihr/.y.  t  Moon  present,  tmt  its  lij;ht  does  not  seem  to  liave  allVeted  tlie  estimates. 

Dorchester,  Mns.i.,  18'.)1  Jini.  21. 


YKNDKI.T,. 

Ism  Jan.    8.333  Local  M.T. 

9.2   mag. 

9.333 

8.9* 

10.302 

3.9 

12.:!.-)4 

8.95 

13.134 

9.2 

1-1. 407 

.   9.1 

15.323 

9.2.Jt 

16.340 

9..0t 

A  three-days'  storm,  beginning  on  the 

7th,  prevented  the 

further  following  of  the  star's  variations. 

EPHEMEKIS   OF   COMET/"  ]89U, 

(Continued  from  page  l-Ci). 
By  GKUKGE  1-:.  WHIT.VKEU. 


Feb. 


Mar. 


^91  , 

App.a 

App.  fi 

loj;  )• 

U>'A  A 

]5r. 

8;ii 

.\|ip.  (( 

App.  ^^ 

12.0 

5' 13"  24" 

-|-39°4o!7 

Mar 

.  10.5 

6     2"  56* 

-1-38°    4. '5 

14.5 

15  53 

39  35,9 

0.3186 

0.1687 

0.30 

18.5 

6  32 

37  56.8 

16.5 

18  29 

39  31.0 

20.5 

10   10 

37  49.0 

18.5 

21   11 

39  26.0 

22.5 

13  50 

37  40.9 

20.5 

23  57 

39  20.8 

24.5 

17  32 

37  32.6 

22.5 

26  49 

39  15.4 

0.3253 

0.1992 

0.26 

26.5 

21    16 

37  24.0 

24.5 

29  46 

39     9.9 

28.5 

25     1 

37  15.2 

26.5 

32  48 

39     4.2 

30.5 

28  48 

37     6.2 

28.5 

35  54 

38  58.3 

Apr 

1.5 

82  36 

36  56.9 

2.5 

39     4 

38  52.2 

0.3321 

0.2289 

0.22 

3.5 

36  25 

36  47.4 

4.5 

42  18 

38  45.9 

5.5 

40  15 

36  37.6 

6.5 

45  36 

38  39.5 

7.5 

44     6 

36  27.6 

8.5 

48  58 

38  32.9 

9.5 

47  58 

36  17.3 

10.5 

52  23 

38  26.1 

0.3391 

0.2577 

0.18 

11.5 

51   50 

36     6.7 

12.5 

55  51 

38  19.1 

13.5 

55  43 

35  55.9 

14.5 

5  59  22 

-1-38  11.9 

15.5 

6  59  36 

+  35  44.8 

mbridge,  Mass., 

1891  Feb.  2. 

loi;  A 


0.3461       0.2855       0.15 


0.3532       0.3121 


0.3604       0.3375       0.11 


0.367 


0.3618 
0.3734 


0. 1 0 


0.09 


CORRIGEIN^DUM. 

No.  233,  p.  130,  col.  2.  Hne  f.  from  liclow,  in  2d  term,    /or    Is  I!    put    i  li-. 


_  C  O  N  T  E  N  'J'  S  . 

Dkfinitive  Or.urrs  ok  thk  Companions  of  Comet  18S!)  V,  by  Mu.  S.  C.  Ch.\xdi.kh. 
Observed  Maximum  oe   f/GEMiNORUM,  by-  Mr.  Paul  S.  Yendeli.. 
Ephemeris  of  Comet/ 1S90,  uv  Mk    George  E.  Whitaker. 
Corrigendum. 
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DEFINITIVE   ORBITS   OF   THE   COMPANIONS   OF   COMET  1881)  V. 


Bv  S.  C.  Oil 
II. 
y.     The  measiiieiuents  of  coiiii)anioii  li  coiiipiise  only  2'd 
at  Lick,  and  6  at  Vienna,  and  cover  an  interval  of  bnt  35  ! 
davs.     The  second  and  third  coluuins  below  contain  the  data 
as  given  by  the  observer  in  the  second  and  third  colnmns. 
which  1  have  referred  to  the  itlane  of  tin-  orliit  of  A.  in  the 
fourth  and  fifth  colnmns. 


Gr.  M.T. 

Aiitr.   1.925 
•2.942 


3 
4 

5 

16. 
17. 
18. 
19 
20. 
21. 
22 

23. 
24, 
25, 
26 
27, 
28 
29 
31, 

Sept.  2 
4. 


.873 
,921 
852 

,891 
,894 
,873 
866 
,873 
.894 
894 

888 
822 
,818 
,867 
,825 
,849 
,906 
,881 

.846 
881 


Alia, 


4.552 

5.552 

7.552 

19.553 

24.430 


64.: 
(65. 

66. 
68. 
67. 


59.4 
(G4.0) 

59.9 
60.5 
59.9 

61.3 
61.7 
61.2 
61.3 
01.5 
61.0 
Gl.r, 

Gl.o 
60.5 
61.4 
61.3 
62.7 
63.2 
63.-.' 
62.(1 

63.9 
65.0 


+  64.8 
(66.9) 

66.5 
68.5 
67.9 


73.4 
73.  ;t 
73.4 
73.7 


74  1 

74.3 
72.3 
74.5 
73.1 
73.1 
72.6 

71.0 
71.4 


+  l''6 
(-3.8) 

+  1.0 
+0.3 
+  1.0 

—0.8 
—1,4 
—0.7 
—0.9 

—  1.1 
—0.5 

—  1.2 

—0.9 
+  0.2 
—1.0 
—0.8 


-3.4 
-1.7 

-3.9 


.\uthoritv 


L:B(12) 


L:  B  (36) 


5.936       (62.6)      (62.5)  +(62.6)    (—2.0) 


Ju 

+  3.*3S 
4.15 
4.50 
4.40 
4.16 


+  9'.! 
16.1 
24.8 
30.6 
33.2 


c(,sl,W  Jr, 


+  48.3 
61.8 
70.8 
72.2 
79.4 


28.437      +4.73   +34. (t       +78.2 


—  16.9 

—  16.3 

—  11.3 

—  9.5 

—  l.-T 

—  4.9 


V:S 


\'  :  1' 


1  am  nnable  to  see  any  palpable  basis  for  BAIt^■AK^)'^  re- 
mark that  "  the  sndden  change  in  the  position-angle  of  B 
about  Aug.  26  is  real,  and  seems  to  have  been  intimately 
connected  with  the  rapid  disintegration  this  companion  ini- 
derweut  in  the  next  ten  days,  and  which  culminated  in  its 
total  dissolution  about  Sept.  5."  The  change  in  question  is 
scarcely  greater  than  the  uncertainty  of  observation. 

10.  In  attempting  to  lind  the  most  probable  orbit  of  B 
from  a  discussion  of  the  above  material,  we  meet  two  ob- 
stacles to  a  satisfactory  solution.  The  first  arises  from  the 
serious  discordances  between  the  Vienna  and  the  Lick  ob- 
servations, already  noticed  in  a  less  degree  in  those  of  com- 
panion C  (p.  157)  :  and  the  second  from  the  fact  that  the 
period  of  observation  was  too  short  to  furnish  relations  in 
the  equations  of  condition,  sufficiently  independent  for  de- 
terminate values  of  all  the  unknown  quantities.  After 
expending  nuich  time  and  labor  in  futile  experiment  with 
various  hypotheses.  I  am  forced  to  the  conclusion  that  the 
only  way  to  meet  the  first  difficulty  —  since  the  Vienna  ob- 
servations are  not  numerous  enough  to  be  independently 
discussed  —  is  to  assume  the  correctness  and  homogeneity  of 
the  Lick  series,  with  the  36-incli.  and  to  base  the  calculation 
on  them  alone.  As  to  the  second  dilliculty,  all  that  we  can 
do  is  to  find  what  conic  section  is  most  compatible  with  the 
observations,  after  introducing  analogical  assumptions  sug- 
gested by  the  discussion  of  companion  C. 

11.  From  the  observations  with  the  36-inch  we  form  the 
followiuir  normal  differences  in  0  and  ', . 


Jd 


ii. 


Aug. 

5.0 

3 

+  67.67 

+  0.78 

19.0- 

7 

73.36 

—0.85 

28.0 

8 

73.42 

—  1.80 

Sept 

3.0 

2 

+  71.43 

—4.23 

The  Lick  observations  of  Au"j 
for  rejection  bv  the  observer.. 


and  Sept.  .'>  are  iiullcated 


Substituting  these  in  the  second  members  of  the  first  four 
eciuatious  in  longitude,  and  the  first  four  in  latitude,  on  p. 
158,  with  the  appropriate  weights,  we  derive  the  nornnil 
e(|uations. 


1(52 
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N"  237. 


-r    t. 


(A.)  a; 


;i9.-l 


+  |-$7.!»7«<     —  0. 


— i:{y.473  +301  (HI)  — 21t0.3ir>  —  0. 

+  137.!)78  — 2!)0.3ir)  +331.655  —27. 

—  0.599  —     0.278  —27.329  +15. 
_     0.440  —     ().20()  —  19.153  +10. 

—  106.770  +219.362  —216.334  +    0. 

The  iiKlelcniiinnloness  of  the  solution  is  sipparoiit  from 
the  siiialliiess  of  the  cocllicii'iits  of  the  last  llirei'  climination- 
ciliiations  ;  tiiiis, 

4-0.21S5»    _().0S60(r    +0.00772     =:    +1.256 

+  0.0462       —0.0021        =  —1.213 

0.001)0        —  —0.025 

whence  it  is  niaiiifost  that  the  eiulcavor  to  reach  any  result, 
without  iui|)ortiui;  extraneous  conditi  >ns,  would  be  merely 
playing  witii  fifjures.  However,  it  may  be  worth  while  Id 
give  Ihe  results  t)f  tlie  solution,  disiegarding  z : 


599  « 

—  n.l40 

ir 

—  1II6.770Z 

=   +2662.64 

278 

—  0.206 

+  219.362 

=   —5526.19 

329 

—19.153 

—216.334 

=   +5364.75 

372 

+  10.537 

+      0.572 

=   +      24.558 

537 

+    7.527 

+      0.421 

=    +      14.042 

572 

+   0.421 

+  167.938 

r=  _4i,s«.7r; 

!          1 

>.     The  <•< 

m 

)arison  of  llu 

'  foregoing  resn! 

X  =   +41.288 

+  1.58268? 

»/  =  —13.097 

—0.00074 

t  =  —14.359 

—0.00553 

«  =  —  4.576 

—0.01704 

w  z=  —26.233 

+  0.04624 

,  introducing  the  homogeneity-factors  on 

Ix'     —   +41".29 

+  1582.68    (IT 

Je      =  —0.001310 

—0.000074  (IT 

ir     =        O'^.OOOO 

.i(/      =  —0.001436 

— 0.000553  dr 

/J  SI'  =  —  4".  58 

—17.04        clT 

/H'     =  —26".  23 

+  46.24        ilT 

I 

The  corresponding  values  of  the  coordinates  for  the  nor- 
mal dates  will  be  found  in  section  12,  headed  1. 

In  the  case  of  companion  C,  where  the  observations  were 
competent  to  establish  the  point  with  certainty,  it  was  found 
that  the  plane  and  form  of  the  conic  section  were  identical 
with  those  of  A.  To  see  how  nearly  a  similar  condition  as 
to  the  orbital  plane  will  conform  to  the  observations  of  li. 
let  us  put  n  and  w  =  0  in  the  above  normal  equations.  We 
then  lind. 


11 


/(O 


/le 
Jq 


+  32".95 

—0.000456 

—0.000153 


+  1588.03  dT 
—0.0006551  dT 
—0.0014113  dT 


-1074".0 
Jq   =    +0.000831 
Je    =       0.000000 


servalions  may  be  made 
I,ii;fc     Vienna 


ly  means  of  the  following  labl 


Substituting  these  in  tlie  equations  of  condition  we  get 
2  =  +13.5  ,  but  the  corresponding  changes  in  the  elements 

II  are  so  slight  that  we  can  disregard  them,  and  adopt  the 
above  values,  with  JT  =i.  0.000,  as  the  result  of  tin: 
hypothesis  of  identical  planes.  The  corresponding  coordi- 
nates II  are  given  in  section  12. 

To  test  the  hypothesis  of  identity  of  form  and  plane  of  the 
orbit  of  B-with  those  of  ^,  jiut  dT= — 0''.697  in  elements 
II;  obtaining  thus  : 

f  JT  =  — 0"».697 

III  I  ^"  =  ''X' 


Aug.   5    +67.67 
19       73.36 
28       73.42 

Sept.  3   +71.43 

+ 

••;9.6   +67.59   +09.11    +68.40  i 

72.2       73.52       72.38       72.27  | 

78.2        7.'!. 41        73.34        73.14  ( 

-       +71.69    +73.19    +73.26  1 

Aug.  5     +0.78 
19     —  0.JS5 
■>H     —1.80 

Sept.  3     —4.23 

- 

14.S      +1.56     —0.68     _(;.95  ) 

9.5     —1.13     —1.24     —2.26  1 

4.1)     —1.75     —1.46      +0.90  [ 

_2.58     —1.55      +2.66  1 

the  coordinates  for  which  are  given  under  III  below. 


The  close  accordance  of  1  with  the  Lick  observations  is 
not  evidence  of  the  superior  correctness  of  that  system  of 
elements,  but  is  a  mere  computation-result,  the  adjustment 
of  live  miknowns  to  eight  equations.  The  values  II  allow 
ns  to  infer  that  the  hypothesis  of  identity  in  the  planes  of  B 
and  A  is  consistent  with  the  observations,  witiiin  the  range 
of  the  uncertainty  of  the  latter.  As  to  III,  taking  into  ac- 
count the  divergence  between  the  Lick  and  Vienna  jjositions, 
we  can  at  least  say  that  the  hypothesis  of  identity  in  the 
form  of  the  orbits  of  B  and  A  is  not  manifestly  contradicted 
by  the  data.  This  seems  to  be  as  far  as  legitimate  inference 
can  go  in  the  case  of  this  companion,  and  to  this  extent  the 
results  may  be  regarded  as  entirely  harmonious  with  those 
established  for  the  companion  C  (section  7).  Hut  we  are 
obliged  to  conclude  that  the  absolute  elements  of  B  are  in- 
determinate from  the  1889  observations.  Doubtless  the 
ai)parition  of  1896,  if  B  should  then  be  visible,  will  solve 
the  problem. 

One  I'emark  in  addition.  The  companion  B  was  seen,  but 
not  measured,  by  Spitai.kh  on  Oct.  23,  seven  weeks  after 
Barnakd's  last  observation.  This,  the  latter  says,  he  is  at 
a  loss  to  understand,  as  B  was  certainly  not  visible  on  that 
date  with  the  36-incl).  But  neither  this,  nor  the  fact  that 
Spitai.ku  could  not  see  it  on  the  following  day,  appears  to 
be  good  reason  to  distrust  the  observation  ;  for.  first,  Bakk- 
ard's  own  note  on  Oct.  23  shows  that  the  conditions  of  see- 
ing were  unfavorable ;  and,  secondly,  the  considerations 
advanced  in  section  1  should  make  us  cautions  in  too  hastily 
discreditiug  the  peiception  of  a  trustworthy  oljserver  on 
merely  negative  evidence. 

13.  The  companions  D  and  E  were  measured  at  Lick  on 
Aug.  4  only.  At  Vienna  E  was  n)easure<l  on  Aug.  5  and 
Oct.  23.  The  elements  of  the  latter  have  Ijcen  assigned  by 
Brkdichin  from  these  data  (A.N.  CXXIII.  321  ),  and  noth- 
ing can  be  added  here. 

In  conclusion,  the  only  one  of  the  four  companions  whose 
elements  can  be  regarded  as  fixed  with  enough  precision  to 
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ciKible  us  to  foiiiul  fiuilici-  c:ilciil:itioiis  tliereuijoii,  —  either 
of  predictiou  for  its  subsequent  return  to  perilielioii,  or  of 
investigation  as  to  the  origin  of  its  separation  from  tlic 
principal  component,  —  appears  to  he  the  fragment  C     In 

Cambridr/e,  Mass..  1891  Feb.  14. 


this  case,  liowever,  the  orbit  is  so  sharply  defined  that  we 
may  reasonably  anticipate  satisfactory  enlightenment  from  a 
mathematical  examination  of  this  interesting  problem,  which 
is  reserved  for  presentation  in  a  subsequent  pa|)er. 


ON   THE   COKKECTIOX   OF   PIIOTOGKAPHIC   MEASURES   FOR   REFRACTIOX, 

By  HAROLD  JACOBY. 

The  refnu-lion-correction  of  pliotograpliic  measures  of  |  and  the  terms  containing  tlie  s<|uares  and  [jrodncts  of  {(' — t) 
distance  and  ijosition-augle  is  easily  computed  by  means  of  ,  and  {ti' — (V)  will  be  found  inappreciable.  The  quantity 
liKssKLS  formulas,  which  express  the  correction  in  terms  of 
the  position-angle,  and  of  certain  (piautities  which  are  func- 
tions of  the  declination  and  hour-angle.  These  latter 
quantities  are  the  zenith-distance  and  parallactic-augle.  In 
computing  them  it  is  necessary  to  use  the  means  of  tiic 
declinations  and  hour-angles  belonging  to  the  two  stars. 

Hut  if  a  large  number  of  corrections  have  to  be  computed 
for  [lairs  of  stars  on  a  single  photographic  plate,  it  will  be 
found  convenient  to  use  the  declination,  hour-angle,  zenith- 
distance  and  parallactic  angle  of  the  center  of  the  plate  ;  and, 
wlien  necessary,  we  may  then  apply  a  small  correction,  ob- 
tained by  differential  formulas,  to  make  up  for  the  resulting 
error,      hitioduciuj^  Kissel's  notation,  let  lis  put: 

',  q.  ^i"  the   tnic 

nuitii 
A,  t.  liic  true 

point. 
IT.  s  the  true  and  aiqjarent  distances  of  the  stars. 

;7.  /'  the  true  and  apparent  position-angles  of  the  line 

joiniiiii  Uie  stars  (k). 


/.enitli-distance.  parallactic  angle  and  azi- 
L-orresponding  to  the  center  of  the  plate. 

declination   and    hour-angle   for  the  same 


is  a  correction  which  must  be  added  to  the  value  of 


conq)uted  with  the  8  and  t  of  the  center  of  the  |)late  ;  and 
if  t*i„  and  /,,   be  the  mean  declination  and  hour-angle  of  the 
two  stars,  we  must  substitute  in  the  above  formulas  : 
(V— 8  =  i\,  —  ti.  t'  —  t  =  t„  —  t 

Now,  the   Hesseii.-m   expression  for  the  refraction   in  dis- 
tance is  : 

— — ^  =  K  [tan-rcos-(p — '/)  +  '] 

in  which  k  is  practically  constant  for  the  whole  plate,  if  the 
zenith  distance  does  not  exceed  G0°  ;  so  that  we  have  : 


=  '2k  cos-(/>— fy)  tan  T  sec" J 
=  cosil  sin  <i 


Now.  since  we  mav  write 


^  =  -CO.q 


d£ 
dq 

dt 

rfc'' 
d^ 


:  K  tan-r  sin"J(i' — 7) 
cos  .^1 "  cos  </» 


siuC 
sin  7  cot  r 


=  ./'(-".  '/•  /').       ;'   —   'i'(-^.l)-      q   =   ','■(<'''•  0 


\\v  siiall  I 
J 
anil  since  : 


;^^'-^'-:;:(v'-)- 


r=^.'-o  + 


7'-7  -  ^,    C- 


-I)    + 


(,V_,V)  + 


(!) 


dti    dt  '^ 


-Cl^ -%■>■-"- 


(It)  It  shouUI  Ik-  olKserved  tliat  p  is  licro  tlie  posilion-itiiKle  ill  the 
inuliUe  point  of  tliu  line  in  iinestion.  But  it  will  be  siUlleiently  ac- 
curate to  employ  tlie  niena  of  llie  values  of  the  pusition-nn^le  lit  the 
two  cnils  of  till'  line,  ami  this  will  iicm-rally  l)e  more  convenient. 


Ifjhen  we  put: 
a  =  'i/c  sin  1"  tan,  sec-^  cos  (f  sill'/  A  ^  cos'(p — q) 

b  =^  K  sin  1 "  tan  C  sec  ^  cos  A "  cos  <|)  li  =  sin '!( j> — »/) 

c  =  — 2k  sin  1"  tan  ,  sec'-'s  cos  7 
d  =^  K  sin  1"  tan  ^  sin  7 
ei(nation  (1)  becomes: 

.//'1Z^"\  =  (aA  +  bb){t„—l)  +  {cA->rdU){K—!S) 

:ind  the  linal  formula  for  the  correct  refraction  in  distance  is 
IT  —  .s-  =  .SK[tan-'r  cos-(^» — 7 )  +  I  ] 

+    .<(((-l  +  WJ)(/„— 0    +    .N(cJ  +  l/fi)(|1„— t"l). 

^1 — t  :ind  <\, — A  being  expressed  in  seconds  of  arc. 

If  many  stars  on  the  same  plate  are  l«>  be  reduced  it  will 
lie  convenient  to  tabulate  the  three  quanlities. 

K  [t^n-  ^  cos'(j> — 7)  +  1] 

(itA-itUB) 

(  cA  +  dli) 
with  (he  argument   /',   since  for  any  particular  plate.  ;<  is  the 
i>nly  variable  entering  into  thi'setiiiaiitities.     This  tabulation 
will  be  extreinelv  easv,  since  a.  I>,  c,  (/  are  all  consUints  fo' 


Hit 
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till'  plato,  :iikI  I'iislly  c:ili-iil;ili-il  willi  tlic  liolp  of  ii  |):ii:dl:iclic 
table,  ami  the  variables  .1  and  B  are  exinessioiis  of  a  veiv 
siin()le  form. 

For  position-ann;les  we  proceed  in  a  similar  way  :  Imi  now 
equation  (1)  will  take  the  slightly  less  siini>le  form  : 


(•■?) 


fdf   d^      df   d^'      df\ 

And  fuillu'i',  tlie  Hesselian  I'liiiutinn  lieinj; 
71  —  2'  ^  — "  fosec  1"  [tail-  ^  (•os(2) — <j)  sin(p — 7) 

+  tan  1'  sin  7  tan  A] 
we  obtain  : 


-K  cosec  i"[tan  C  sec- r  sill  2(p — 7)+sin7  tan  A' see- 1'] 


^  — K  eosee 


sill  7  s<'(.' 


-  (S 


,1 '  =  sin  '2(p — q) 

CUSH  p—q) 


B' 


df  „r  ■■ 

-  = — ic  eosee  1   [ — tair^  eos2(y) — 7)     +taii,  tuii()'eos7] 

dS 

We  have  tlieii,  as  before,  |iMltiiig  : 
<('=  — K  tan  V  sec"^  eosA  sin  7 
b'  =  — K  sec'-'r  sinfl  siirV/ 
c'  :=   +K  tan  r  sec  T  cos  </>  eos  A  " 
d'  =^  — K  sec 7  tan  d  cosq  cos  A"  eos(|) 
c'  ^   +  K  tan  r  sec-  T  cos  q 
f  =  +K  sec";  tanS  sin 5  coaq 
fl'  ^  +K  tan  r  sin  5 
h'  =  — K  tan  A  siuq  cos  7 
i'  .=  — K  tan  «  sinq  sec- A 
.l(7z—p)  =  (aA'  +  b'  +  c'B'  +  d')(t,,-—t) 

+  {e'A''\-f'  +  ,/'B'  +  h'  +  i')(S,—ti) 
and  tlie  tinal  foviniila  for  position-angles  is  : 
71 — /)  =  — K  foseo  1"  [tan-'r  cos{p — q)  s\n(p — (/) 

+  taii  r  sin7  tan  A] 
+  {a'A'  +  b'  +  c'B'  +  d')(t„—t) 

+  (p'A'  +  f'+g'B'  +  h'  +  i'){,\—li) 

while  tile  tabulation  of  tlie  (|iiantities 

tan-;  eos(j) — 7)  siii(;/ — 7)  -f  tan  ^  siny  tan  A 
<i'A'+  b'+  c'B'+d' 
e'A'+f'+(,'B'+h'+  i' 
with  the  argument  p,  can  be  carried  out  as  easily  as  before. 
The  above  formulas  take  a  different  form,  if  one  end  of 
the  line  for  which  the  refraction  is   being  computed  is  at  the 
center  of  the  plate  (b). 
We  sliall  then  have  : 

i( '  —  fi  =  is  cos p 
t' —  t  =  — is  ship  seed 

(6)  This  will  be  the  case  if  tlie  positions  of  the  various  stars  on 
the  plate  have  lieen  determined  with  a  machine  giving  position- 
angles  and  distances  from  a  central  star;  or  in  any  case  where  the 
method  of  reduction,  given  in  Astruiiomh-al  Journa',  Xo.  233,  lias 
Ijeen  employed. 
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by  means  of  which  we  can  transform  ( 1 )  and  (2)  as  follows  : 

For  refraction  in  distance,  putting 
(f  =:  — K  sill  1"  sill  7  taiiT  sec'-;  A  =  siii/i  cos-  (/< — 7) 

b  =  — \k  sill  1"  secT  tan  ;  cos<|»  cos. I"  seecl 

B  =  shiji  sill  •>  (p — 7) 
c  =  — K  sin  1"  tan  .'  sec-'l'  cos^  (J  =:  cos/j  cos-'  (p — q) 

d  =  \  K  sin  1"  tan  .'  sin  7  I)  =  cos/j  sin  2  (y) — q) 

we  have 

(T—  s=  SK[tan-':  cos -'(/;— 7) -I-  \]+s-[aA  +  bB  +  rC+dI>]  ; 
and  for  position-angles,  putting: 

a'  =  iK  taiiv'  sec'-;  siny  .1'  =  sin  2(/> — q)  sin/< 

b'  =z  \  K  sec'-'  ;  sin-  7  tan  8  ii'  =  sin  /) 

c'  =  — ^K  tan  r  secT  cos  (/>  cos-1"  sec  it 

C  =  cos2(p — 7)  sin/< 
d '  :=:  i  K  sec  ;  tan  if  sec  S  eos  7  cos  A"  cos  <|> 
e'  ::=  ^K  tan  T  see-  T  cos 7  E'  =  sin  2(/> — 7)  cos/» 

/'  ^  },K  sec'-  ;  sin  7  cos  7  tan  if         F'  =  roup 
(/'  =:  Jk  sin 7  taiiT  G'  =  (•os2(/) — 7)  cos/) 

h'  r=  — i  K  tan  d  sin  7  cos  7 
i'  =  — ^K  tan  r  sin  g  sec'- if 
we  get : 
n  —  /I  =  — K  cosec  1  "[tan'-' r  coaip) — 7)  siu(y; — 7) 

-f  tan  5'  sin  7  tan  if  j 
+  s[,,'A'  +  h'B'  +  c'C'  +  d'B'  +  e'E'  +  f'F'+y'G'+h'  F'+i'F' 

In  using  the  formula  for  refraction  in  distance,  we  might 
tabulate  the  coetticients  of  .s  and  .s-,  with  the  argument  p, 
and  form  such  a  table  for  each  |)late  to  be  reduced  ;  and  for 
the  jiosition-angles  we  would  tabulate  the  first  term,  and  the 
coefiieient  of  x.  Although  the  formulas  ap])ear  somewhat 
complicated,  the  formation  of  such  tables  would  bo  quite 
easy,  especially  as  nearly  all  the  terms  in  the  coellicieiit  of 
s"  for  distances  and  .s'  for  position-angles  would  be  inappre- 
ciable ill  most  cases.  For  instance,  the  zenith  distance  at 
which  the  term  in  s"  can,  at  its  maximum,  amount  toO".0), 
the  declination  being  supposed  as  great  as  60°,  is  : 

for  ,s  =  2000"  r  —  42° 

N  —  2o00  ;  =  W 

while  for  iiosition-angles  the   maxiniuin  value  of  the  lenn  in 
s  cannot  exceed  .')". 

for  s  =   2000"  when  :  =  35° 

.s  —  2.'.00  :  =  24° 

lint  tliis  does  not  liy  any  means  iiulicate  tliat  the  quaiililies 
in  question  will  often  be  so  large  at  the  zenith  distances 
mentioned. 

Lastly,  it  should  be  again  observed  that  the  final  formulas 
just  given  are  adapted  for  the  correction  of  distances 
measured  from  the  center  of  the  plate  in  accordance  with 
the  method  of  reduction  for  photographic  plates  given  in 
Astronomical  Jotirnul,  no.  233.  The  distances  will  there- 
fore rarely  exceed  2500",  so  that  it  will  frequently  happen 
that  the  differential  corrections  will  turn  out  quite  negligible 
either  for  the  distances,  or  position-angles,  or  for  both. 
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si:N-sP(rr  uBsi:i:vA  tk^xs, 

:    AT   mtVX   MAWK,    PKNX..    WITH    A    :!-INi-ll    I'.KKItACTOI!. 

Bv  A     \V    iHIMUV. 


1«90 

riiiif 

Grs.    Sps. 

Fac. 
Grs. 

Pef. 

1890 

rime 

l.r.s. 

1 

Kac. 
Grs. 

Def. 

1890 

Time  Grs. 

Sps. 

i:. 

Gr-. 

■'■■■ 

July    1 

(■> 

0  '     0  i 

0 

good 

Aim-.  27 

7 

1 

14 

1 

poor 

Oft.  30 

8 

1 

9 

0 

fair 

-^ 

10 

0         0 
0        0 

0 
0 

poor 

28 
29 

7 

1   ; 
1 

100 
76 

0 
0 

.good 

31 

8 

1 

6 

0 

■' 

4 

7 

0        0 

0 

'• 

;!0 

7 

1      67  1 

0 

Nov.    1 

8 

0 

0 

n 

fair 

<) 

1       2.") 

1 

fiiir 

31         7 

1 

96 

0 

2 

8 

0 

0 

0 

(! 

7 

•  1      '32 

1 

•rood 

3 

8 

0 

0  ' 

0 

7 

7 

1       41 

1 

S,.pl.    1 

7   1 

2 

60 

0  1 

fair 

4 

8 

0 

0 

0 

poor 

« 

1       3'J 

1 

2 

2 

45 

0  1 

5 

8 

0 

0 

0 

fair 

'J 

7 

1 

42 

0 

;; 

7 

2 

56 

0   ' 

good 

6 

1 

0 

0 

0 

poor 

10 

7 

1 

4i) 

0 

1 

7  , 

2 

34 

0  1 

7 

9 

0 

0, 

0 

'• 

11 

7 

1 

29 

0 

f:iir 

.■, 

7 

2 

14 

0 

'• 

8 

8 

7 

1  ' 

fair 

1-.' 

7 

1 

12 

0 

poor 

Ci 

7 

3 

21 

2 

fair 

9 

8   ' 

10 

1 

" 

14 

8 

1 

4 

1    ; 

7 

7 

1 

24 

3l 

gooil 

10 

8 

7 

0 

poor 

1.") 

7 

0 

0 

2 

fnir 

8 

7 

3 

20 

3 

13 

0 

» 

0 

It! 

7 

0 

0 

1 

<) 

7 

2 

18 

1 

fair 

14 

8 

4  ; 

0 

17 

t 

0 

0 

0 

10 

7 

1 

10 

0 

poor 

15 

8 

0 

0  1 

1 

18 

7 

0 

0 

0 

12 

9 

0 

0 

0 

li:ul 

16 

8 

0 

0 

1 

li) 

7 

0 

0 

0 

^' 

l;! 

10 

0 

0 

0 

18 

8 

0 

0 

2 

fair 

•20 

0 

0 

0 

lioor 

15 

4 

1 

3 

2 

fail- 

19 

8 

0 

0 

0 

•21 

7   , 

0 

0 

0 

fair 

16 

11 

1 

2 

0 

liool 

20 

8 

0 

0 

0 

pool- 

22 

7 

I 

4 

0 

17 

2 

2 

14 

0 

lair 

21 

8 

0 

0 

0 

fair 

2.", 

1 

9 

1 

good 

18 

7 

2 

43 

0 

22 

9 

5 

1 

poor 

24 

2 

0 

0 

0 

bad 

19 

7 

2 

26 

0 

23 

9 

26 

1 

fair 

2a 

6 

1 

2 

0 

l)<)or 

20 

8 

1 

7 

0 

poor 

24 

9 

39 

1 

" 

26 

2 

1 

25 

0 

fair 

21 

8 

1 

1 

25 

9 

50 

0 

^' 

27 

8 

1 

10 

0 

poor 

22 

11 

0 

0 

0 

26 

1 

40 

0 

2« 

8 

2 

6 

0 

.' 

2.3 

8 

0 

0 

2 

fair 

27 

9 

46 

2 

good 

2;t 

2 

3 

1 

.» 

24 

8 

1 

17 

0 

28 

9 

26 

2 

*' 

:!() 

7 

3 

14 

1 

got)d 

25 

8 

1 

29 

0 

" 

29 

9 

55 

0 

•• 

:;i 

7 

3 

5 

1 

28 
29 

8 

7 

1 
1 

12 

7 

0 
0 

poor 

30 

1 

26 

0 

fair 

AiU''.    1 

t 

3 

4 

1 

good 

30 

8 

1 

17 

1 

fair 

Dec.    1 

9 

0 

0 

0 

fair 

2 

2 

3 

1 

2 

8 

0 

0 

0 

3 

7 

1 

2 

0 

l)oor 

Oct.     1 

S 

1 

9 

•  1 

good 

1 

il 

0 

0 

0 

4 

7 

1 

6 

0 

fair 

.3 

10 

(I 

0 

1 

fair 

■  1 

11 

0 

0 

0 

" 

,") 

6 

1 

10 

0 

good 

4 

8 

1 

1 

3 

good 

7 

9 

0 

0 

0 

poor 

6 

1 

4 

0 

poor 

5 

8 

1 

5 

2 

9 

9 

0 

0 

0 

7 

7 

2 

12 

0 

fair 

8 

8 

0 

0 

0 

fair 

III 

9 

0 

0 

0 

■S 

12 

0 

0 

0 

bad 

9 

7 

0 

0 

0 

good 

■  1 

9 

0 

0 

0 

fair 

;) 

10 

0 

0 

0 

i. 

10 

10 

0 

0 

{) 

fair 

12 

4 

0 

0 

0 

poor 

10 

6 

0 

0 

0 

good 

11 

9 

1 

4 

3 

good 

13 

10 

2 

20 

1 

fair 

1 1 

I', 

1 

1 

1 

^^ 

12 

9 

1 

5 

1 

14 

9 

2 

18 

0 

pool- 

12 

6 

0 

0 

0 

fair 

13 

8 

0 

0 

0 

poor 

15 

1   '" 

2 

45 

0 

fair 

13 
14 

!) 
6 

0 
0 

0 
0 

0 
0 

poor 

14 
15 

3 
8 

0 
0 

0 
0 

0 

1 

fair 

18 
19 

9 
9 

2 
2 

30 
27 

0 
0 

l>oor 

1.1 

6 

0 

0 

0 

fair 

16 

8 

0 

0 

0 

)ioor 

20 

0 

2 

15 

0 

fair 

16 

6 

0 

0 

0 

good 

17 

9 

0 

0 

I) 

fair 

21- 

3 

0 

0 

0 

p«>or 

17 

1            1 

0 

0 

0 

fair 

18 

8 

0 

0 

1 

22 

8 

0 

0 

0 

1       " 

18 

2 

0 

0 

0 

l)ad 

19 

8 

1 

3 

1 

i   poor 

23 

8 

0 

1 

0 

0 

1   ,  - 

1!) 
20 

12 
12 

0 
0 

0 
0 

0 
0 

20 
21 

12 
1 

1 

2 

45 
59 

3 
2 

fair 

24 

25 

8 
8 

1     0 

0 
0 

2 
0 

fair 
poor 

21 

7 

0 

0 

0 

li 

22 

8 

2 

45 

1     0 

t 

27 

10 

'     0 

0 

0 

22 

7 

0 

tl 

I    ^ 

fair 

25 

■     8 

1 

55 

0 

28 

3 

1 

5 

1 

fair 

23 

7 

0 

0 

0 

good 

I'l'i 

s 

1    1  27 

0 

1   poor 

29 

9 

1 

1 

24 

7 

0 

0 

0 

fair 

27 

s 

1 

0  1  bad 

30 

9 

1 

• 

25 

7 

1 

4 

1 

good 

28 

1 

1     1 

16 

0  1  poor 

31 

12 

1 

1      "^ 

- 

26 

12 

1 

.      4 

0 

|ioor 

29 

2 

1     1 

19 

0  1      " 
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FILAU-MI(;i{()iMETER   OliSEKV'ATlONS   OF    COMHT  ^-  JMIX)  .y.o.\A,, 

MADK  Willi  TIIK  2(i-INC;iI  WJl'ATOIll.VI.  OI"   rilK  I.K.lNllKlC  M' CIIIOIICK  OUSKKVATOItV  t>K  IIIK  I'NIVKHSl  IV  Dl'  VIIKJIMA 

[('oiiiinuiricutfd  liy  llie  Diri-ftor.] 


1890-01  local  M.T. 

* 

No. 
Colli)). 

/Ja 

+  3'"   8^10 
+  2  .••.9,24 

+  0  38.77 
—2  56.^9 
+  1    20.. S3 
—0  30.56 
+  0    10.12 

1 
-  * 

/S 

o^'s  apparent 
a                       S 

1           log 

for  a 

PA            01. 

forrf 

Nov.  IS 

19 
Dec.    10 

Jan.      5 

h       III       I 

14      1    54 
16     3     4 
13   51      1 

8  -14     6 

9  3   26 
9  48  27 
9   48  27 

10     :!     s 

1             4,4 

1  :'.  .  1 

2  0  .  4 
•;              1      '> 

+  1)   .■■.1.9 

+  1  ;i2.o 

+  3     8.4 
+  0     0.0 
+  2  46.0 
—  1    15.3 
+  0  53.9 
+  1   4  7.9    ; 

ii  II 
5  16 
5    16 

4  5'.  40 
16.54 

+  34     9 
+  34   10 
+  34  21 

.50.0 
51.0 
18.9 

8.978 

9.465 

8.;i90 

)i9.10(» 

9.800  1  P 
0.065     S 
9.774     P 

9.843     \) 

1 

2  .  2 
(i  .  2 
r.  ,  4 
11.6 

3  11 
1  56 
1  56 
1    52 

■IG.Ol 
4.(10 
4.19 

49.28 

+  33  06 
+  28  41 
+  28  41 
+  28  21 

56.9 
26.1 
29.9* 
51.7 

H9.23C, 
9.562 
9.562 
9.874 

9.894     D 

0.366     S 

0.366     S 

«0.134     .S 

*  Microiiietcr-rcndiiigs  c-liaiiged  in  reiluctioii  hy  f1v2  revolutions.  =  +49'.4. 
Mean  Plaan   for   IStlO.O  ami   IS'.ll.O  of  CnnijKiristni-Stdr^. 


i   * 

a 

Uwl.  to 
app.  place 

s 

Ucil.  to 
app.  plHct 

.Antlii.jily 

1 

2 

4 

5  13  33.62 
5     8  40.33 
3   14     5 
3   17  38.89 

+  3'.  68 
+  3.64 
+  3.61 
+  3.61 

+  34     9   14.6 
+34   18  10.5 
+  33  56 
+  33  53  54.5 

+   4.4 

+   4.7 
+  16.7 
+  16.4 

Paris,  6107 
W.R..  151.2 
DM..  626 
Paris,  4019 

5 
6 

1   54  43.96 
1   56  35.4  7 
1   52  39.91 

-0.73 
—0.72 
—0.75 

+  28  42  38.1 
+  28  39  43.3 
+  28  20     0.6 

+   3.3 
+  3.3 
+  3.2 

Paris,  2496 

Paris,  2547 

'     Paris,  2444 

S    =:   OKMOND    STON'I' 


P  =  N.  M.  P.vBUisii:        D  ==  C.  L.  DkMott. 


Nov.  l,s.     V.  telescope  badly  sli.ikfii  by  tlie  wind.  |  Dec. 

Nov.  18.     S.  at  first  obs.  of  decl.,  position  coincided  Willi  tl1.1l  of  ,  Jan. 

a  very  faint  star,  which  however  was  not  occnllated.  .Tan. 

Nov.  19.     niaineter  0'. 8:  nucleus  11".  ina;.r.  I 


Nucleus  pretty  brifflit. 
Diameter  1';  faint:  dillu.-e;  nucleus  15  niaj;. 
\'erv  fiiiiit :   small. 


ON   THE   ORBIT   OF   COMET   1S87  W 

Bv  S.  C.  CH.iNDLEU. 


Nearly  two  years  and  a  half  ago,  Mr.  jMlli.ek  published 
{A.J.,  VIII,  44-56)  a  tlioi-oiigli  discussion  of  the  definitive 
orbit  of  tliis  comet.  In  ^4. jV.  3012,  3013.  is  an  article  on 
the  same  subject  by  Mr.  Aijkiti,  containing  various  com- 
ments on  that  of  Mr.  1Mli,i,kk,  and  concluding  with  a  com- 
parisou  of  the  hitter's  elements  with  iiis  own  normal  places. 
The  natural  imiiression  which  this  leaves  on  the  mind,  un- 
favorable to  the  ciiavacter  of  Mli.lek's  work,  is  so  far  from 
being  justified  that,  in  tlie  interests  of  astronomical  truth, 
and  fairness  to  Mr.  Mui.leu,  who  is  now  in  Japan,  and  not 
in  a  position  to  reply,  tiie  real"  sources  of  the  discordances 
need  to  be  pointed  out.  An  examination  shows  tliat  tiiese 
lie  entirely  in  grave  errors  and  defective  methods  of  Mr. 
Abetti's  own  work,  and  confirms  the-high  character  of  that 
of  Mr.  MuLLER.  In  what  follows  I  sliall  endeavor  to  make  a 
moderate  and  just,  although  frank,  statement  of  the  reasons 
for  this  opinion.  If  they  should-  prove  not  to  be  sound,  I 
shall  be  glad  to  make  due  apology. 

Firft.  we  look  in  vain  through  his  copious  explanations 


for  an  investigation  of  llic  pertmijations.  by  Mr.  Aiskiti. 
who  seems  to  overlook  the  fact  that  his  elements  are  adjusted 
merely  to  satisfy  the  disturbed  coordinates,  and  that  Mr. 
Mullek's  elements,  which  were  freed  from  the  [jcrturbations 
of  all  the  planets  from  Menmr;/  to  SdtioH,  cannot  proi)crly 
be  confronted  witii  the  uncorrected  normals.  The  dis- 
turbances by  the  Earth  and  Jiqntvr  ought  at  least  to  have 
been  considered.  This  defect  alone  is  enough  to  iuvalitlate 
Mr.  Aheiti's  orbit,  as  is  manifest  by  the  following  table 
where,  by  the  side  of  his  values  of  the  deviations  of  his 
normals.  I  have  placed  the  values  approximately  corrected 
for  the  |iorturbatioiis.  — the  oscuhilioii-epoch  being  June  27. 


0 — C  uucorrecteil 

O— C  corrected 

1887 

/lit  cos  d' 

J)i 

z/«  cos  A 

//<N 

Mav  22.5 

—0.62 

+  1.20 

+  3.34 

— 0.07 

June  17.5 

—0.15 

—1.37 

+  0.23 

—  1.31 

Julv   11.5 

+  0.97 

+  0.70 

+  1.70 

+  0.91 

Julv  27.5 

—0.13 

+  1.19 

+  2.76 

+  2.02 
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Secuiidhj.  the  normal  places  appear  Ui  be  incorrcctlv  de- 
rived, neavlv  all  the  cooidiiiales  lequii'ing  more  or  less  recti- 
lication.  A  casual  inspection  of  the  data  on  pp.  203,  204, 
will  suftice  to  show  that  the  provisory  orbit  is  not  precise 
cnongli  to  allow  the  assumption  that  the  residuals  liear  a 
linear  relation  to  the  time,  over  the  interval  of  three  weeks 
inibraced  in  the  determination  of  each  normal.  This  is 
notably  tht^  case,  foi'  example,  in  the  second  normal  in  dec- 
lination. On  this  point  examine  the  character  of  the  differ- 
ences in  the  table  of  the  foot-note  to  p.  183,  .i.A^  ;  recol- 
lecting that  Muli.kk's  preliminary  orbit,  used  by  him  for 
comparison  with  the  observations,  differs  from  them  no- 
where by  so  much  as  10".  It  is  probable  that,  if  the  final 
elements  were  compared  directly  with  the  separate  obser- 
vations, and  the  normals  computed  anew,  decidedly  im- 
portant corrections  would  result. 

Thirdly,  no  investigation  was  made  of  constant  errors,  a 
|)oint  which  was  treated  by  Mkli.er  with  nuich  refinement. 

Ckimbrnhifi.  Mass.,  1891  Feb.  3. 


This  mailer  is  of  course  always  a  delicate  cue,  often  too  nicely 
elaborated,  as  it  may  have  been  in  the  i)rcsent  instance  ;  but. 
making  due  .allowance  for  difference  of  oi>inion,  the  reality 
and  importance  of  some  of  the  corrections  cannot  be  ignored. 

Foiirthh/,  tliere  is  no  general  investigation  of  the  star- 
places.  How  satisfactorily  Mr.  Mli.lkk  has  dealt  with  this 
subject  may  be  judged  by  consulting  pp.  46-48  of  his  paper. 

Fiftldij,  the  few  observations  which  appeared  after  Mli.- 
i.ek's  computation  was  finished  would  alTect  the  result  to  only 
a  minute  extent.  It  may  be  added,  that  his  seven  uoruials 
rest  on  288  right-ascensions  and  285  declinations,  and 
AiiK-rn's  on  276  right-ascensions  and  273  declinations. 

To  sum  up;  Mr.  Mli.i.kk's  determination,  in  its  conscien- 
tious, thorough  and  legitimate  treatment,  is  entitled  to  be 
regarded  as  definitive  in  every  sense  in  which  that  term  can 
be  employed  ;  while  it  does  not  seem  to  me  that  Mr.  AitEm's 
is  of  a  class  which  can  invite  the  unfortunate  comparison 
which  he  has  made. 


FILAK-MICROMETER   0BSEKVATI0N8   OF   COMET  d  1890  (a-AnnEs-n, 

MAim    wm[    run   2fi-INCU    KCil-AlOIilAL   OI.'   run   I.KANDKU  JI"C0KMICK   OHSKKVATOItY   OK    rUK    CNIVKKSITY    Or   VIKOl.NIA. 

[Comniunicatcil  by  tlic  Director.] 


18!)0  local  M.T. 

S 
Nov.     6 


s 


7   28 
;i     A 


7  :!0  .').") 


No. 
Comp. 


3  ,  4 

3  ,  2 

3  ,  2 

4  ,  3 
4  .  2 


Ja 


#-* 


^'s  «|>|)arenl 


/8 


—0  50.52 

— 0  43.42 

— 0  41.98 

—2  39.65 

—2  43.68 


+  4  'J.2 

+  0  14.3 

+  4  27.8 

-1-3  14.9 

-f2  12.9 


M  i: 


.I'.i  —27  27 


21  17  40.7:; 
21  50  39.94 
21  50  39.95 


—26  12 
—26  12 


lot 

for  n 

/'A 

lor  ,'. 

Obs. 

« 
28.6 

9.091 
9.350 

0.900 
0.888 
1  0.8S5 
0.890 
0.890 

P 

S     ' 

10.0 
4.6 
8.2 

9.384 
9.2.53 
9.253 

P    ' 

Mean  Places  for  1890.0  of  Comparison- Slars. 


a 


lied.  Ill 
app.  place 


21  18  20.85 
21  18  22 
21  53  17.70 
21  53  21.74 


-f-1.86 
-f  1.86 

-f  1.8b 
-f  1.89 


liRll.    to 

app.  place 


—27  31  39.9 

—27  27 

—26  15  22.8 

—26  11  21.4 


-1-2.1 
-f-2.1 
+  3.3 
+  3.3 


W.  Arg.  16792 
Anonynious 
W.  Ars.  17i:i7 
W.  Arg.  17138 


S  =  OitMOND  Stone: 

Nov.  II.  Two  eoiulensations  noticeil  by  l)olli  observers.  I'rinci- 
|iil  ronileiisaiion  followoil ;  and  was  situated  about  4  distant  from 
folluwhiu  ('due  iif  eoiiul  lo  (Ciller;  llie  otiier  was  near  the  center. 


M.  1"m:i:i~h. 
."..      Nucleus  well 


NEW    ASTKKOIDS. 

The   lelegraph-cable  reports    the  discovery  of   asteroids,    by   ('iiaki..iis, 
1'ai.isa.  I'l'li.  14,  in  the  positions:  — 

No.302.    12".      Fell.  11.4088  Greenw.     ,«=•'.(' 5l"' 35. 1 ,     .!=+14  53  3.S. 
No. 303.    12",      Fell.  12.5037  (ireenw.     u=    9  51   27.2,     <t  =  +16  52  41. 
No. 301.    13".     Feb.  11.575    Greenw.     .«  =  10  33     8,        <"i  =  +   6  46. 
No.  305.     11",      Feb.  16.6291  Greenw.     a=    9   41    32.0,     ,V  =  +    7     2   24. 


Feb.  I  1  :inil  \< 


Mii.i.nsKVK  II,   Feb.   12,  :i 


Daily  motion,  —52"  in  it,  and  i'  northw;.: 
Daily  nu>tion,  —52'  in  «,  and  3'  northward. 
Dailv  motii>n,  — 48"  in  it,  and  8'  northward. 
Daily  motion.  — 48*  in  «,  and  5'  northward. 


1G8 


'I'll  K     A  SI' If  (I  N  (»  iM  I  (    A  I. 


<)  I    1{  N  A  I, 


N"-  :j37. 


NEW   ASTH0N03IICAL   AVOJiK. 


Ki'sli's  MYini-hener  Sternverzeirhnian  rnthaUenil  <lie  Miuhrrn  Uerli-r 
von  S30S2  Sternen.  llerauagyijehen  von  Ilrim  Skklkikk  iiiul 
Julius  Bauschinukk.     Miinclini,  18i)0. 

This  vuhinie,  tlic  llrst  of  the  New  Munich  Aiinal.s,  prtisciits,  as 
llie  Kilitor  reinarlis,  uliiiost  the  total  result  of  the  aslroiioinioal  ac- 
tivity of  the  Munich  Observatory  ilurln};  the  period  1840-JH80.  It 
conlaiiis  a  complete  calalo-fue,  for  the  epoch  1880,  of  star-positions 
derived  from  Lamont's  zone  observations,  pul)lished  in  tliirteen 
vohnnes,  found  in  the  scries  of  Munich  Obsrrvaliiiues  Astrutmmicne 
and  Annalen  from  Volume  XI  of  the  former  to  SnppU'uient-volunie 
XIV  of  the  latter.  These  observations,  son)e  75  000  in  nnnil>er,  had 
been  reduced  to  the  epoch  IS.'jO.  and  printed  in  catalo;;ne-form  in 
liie  Supplement-volumes  V,  VlII,  IX,  XI.  XII,  XIII  and  XIV,  but 
these  separate  catalogues  were  regarded  by  Lamont  himself  as  only 
provisional.  The  revision,  preparatory  to  the  publication  of  a 
jjeneral  catalo<rue  of  all  the  observations,  had  l>een  bejtun  by  him. 

The  transit-circle,  which  was  rejtarded  as  an  excellent  one  at  llie 
time  of  its  constrnction,  seventy  years  ago,  was  adapted  to  the  pur- 
poses of  zone-observation  thronsh  the  attachment  of  an  au.xiliary 
arm  with  a  declination-scale  attached  to  the  lelescoi)e.  'J'his  appa- 
ratus is  described  in  the  Introduction  to  the  present  catalogue. 
The  employment  of  this  arrangement,  together  with  the  use  of  a 
faulty  chronograph  (after  18.50,  when  the  eye-and-ear  method  was 
abandoned),  and  an  inditl'erent  clock,  taken  in  connection  with  the 
arrangement  of  the  observations  of  standard  stars,  are  apparently 
responsible  in  ureal  measure  for  the  existence  of  the  very  large  aud 
irregular  systematic  discrepancies  in  Lamont's  zone-ol)servations 
as  originally  produced.     (See  V.J.  K  Vol.  IX,  p.  'Jiff.). 

I..AMONT  himself  calls  attention  to  these  discrepancies  (Suppl.  R, 
V,  pp.  iii  and  iv,  and  elsewhere),  aud  attempts  to  remove  them  by 
corrections  determined  through  the  comparison  of  zones,  one  with 
another;  remarking,  at  the  same  time,  that  these  zone-observations 
are  suited  only  to  a  reduction  on  strictly  diflerential  principles,  by 
wliich  the  clock  and  instrumental  corrections  shall  l)e  derived  from 
the  zone-observations  themselves.  This  process,  for  reasons  un- 
necessary to  state,  has  remained  difficult  of  practical  execution  up 
to  the  present  time ;  and  Professor  Skkliger,  when  the  raauuscript 
of  the  contemplated  general  catalogue  came  into  his  hands  in  1880, 
found  that  it  would  not  be  consonant  with  the  means  at  his  com- 
mand to  undertake  the  revision  of  the  work  on  this  rigorous  plan. 
He  therefore  adopts  the  reductions  as  already  made  with  the  cor- 
rected zero-points  as  determined  by  Lamont,  and  sets  before  him- 
self the  task  of  eliminating,  so  far  as  possible,  the  numerous  errors 
of  record  and  reduction  which  exist  in  the  originals. 

The  extent  of  this  task  maybe  inferred  from  the  statement  of 
the  editor  (p.  xvii)  that  an  average  of  one  in  live  star-positions  was 
affected  by  an  error  either  of  observation  or  reduction :  and  these 
errors  had   nearly  all  been  transferred  to  the  manuscript  of   the 


general  catalogue  for  the  epoch  1880,  as  it  existed  in  188^.  Kor 
about  two-thirds  of  the  catalogue-numl)ers  the  errors  were  sought 
out  and,  where  possible,  corrected  through  comparison  with  oiher 
star-catalogues.  There  remained  .something  less  than  10000  num- 
bers for  which  no  such  means  for  rectification  was  sufficient,  or  ex- 
isting; and  these  were  all  reob.scrved  at  the  Munich  Observatory 
in  the  years  1881-1888,  —  the  results  to  appear  in  a  later  volume  of 
the  New  .Annals.  This  process  led  to  the  astonishing  discovery 
that  more  than  one-third  of  the  older  ol)servations,  so  examined, 
were  affected  by  material  errors  of  oljservation  or  computation. 
This  .section  of  the  work,  alone,  necessitated  an  exaniir)ation  of  the 
original  records  in  about  5200  individual  cases. 

A  catalogue  of  those  positions  for  which  no  corresponding  star 
can  now  lie  found  in  the  sky,  under  any  reasonable  assumption  as 
to  error  in  the  original  record,  is  presented  on  p.  xx  of  the  Intro- 
duction. 

Pages  xxii  to  xxxvi  are  dedicated  to  a  very  extended  and  detailed 
comparison  of  the  Munich  catalogue  for  1880  witli  those  of  Augki.- 
axdku  (Bonn  VI),  Scu.iki.i.krup,  (.'oi'i;i,ani>  aud  Bouoe.v,  and 
Goii.D(General  Catalogue).  The  mean  (inferred;  deviation  from 
the  AiwKKs  system,  AG.  —  M.,  is  found  to  l)e 

J„  =  -f-0».02;  JS  =  — l".a; 
but  the  systematic  discrepancies  from  north  to  south,  and  from 
hour  to  hour,  vary  in  a  very  perplexing  way.  These  variations  are 
in  fact  so  large  and  so  irregular  as  to  destroy  confidence  in  any 
systematic  correction  whatever  of  these  observations  which  is  not 
determined  from  the  individual  peculiarities  of  each  zone. 

Profes.sor  SeeligeI£  omits  the  determination  of  the  casual  prob- 
able error  of  observation,  andquotes  that  obtained  bv  .•\itGKLAXi>Ki!. 
±0M10  and  ±}".oJ  (  1'../.  .V,  IX,  p.  11.!).  with  the  remark  that 
these  quantities  for  the  new  catalogue  would  probably  be  found 
less. 

The  catalogue  contains  33  082  uumbers,  audexhil)its  in  successive 
columns  the  current  number,  the  magnitude  (regarded  by  the  editor 
as  of  very  little  value)  the  R..\.  for  1880  with  the  uuraber  of  oljser- 
vations  and  the  precession,  the  corresponding  quantities  for  decli- 
nation, the  mean  epoch  of  observation,  and  a  reference  by  initials 
to  other  catalogues.  Keference  to  the  individual  zones  of  Lamont 
is  not  included. 

The  catalogue  brings  out  very  clearly  the  uneven  distribution  in 
R.A.  of  Lamoxt's  observations.  The  mean  number  per  hour  is 
1378;  while  the  average  for  the  first  eight  hours  is  370,  and  for  4'' 
the  number  is  only  94.  On  the  other  hand,  from  18''  to  211'  iuclusive 
the  average  number  ))er  hour  is  371!l. 

The  catalogue  is  followed  by  copious  notes,  mostly  concerned 
with  errors  detected  in  the  published  zones.  The  work  bears 
throughout  evidence  of  the  painstaking  care  and  thoroughness 
with  which  the  editors  have  performed  the  task  set  before  them. 


COKRIGEXDA. 


No.  23:i.  p.  135,  col.  2.  2d  line  after  table,     for    star    put     slow. 
No.  235,  p.  146,  in  equation  (7),    for    e'    pnC    <■'•. 

p.  150.  col.  2,  last  line,    for    June  20    ptil    January  20. 
No.  23U,  p.  156,  col.  2,  line  8.  log  c,    for    fl. 116727478     pnl     0.672747 


c:  O  N  T  V.  N  '1'  >  . 

DuFiNirivE  Oumrs  oi-  rnic  Comi'axioxs  of  Comkt  1889  V,  uy  Mu.  S.  C.  Chaxdi.i 
On  the  Corukctiox  of  Photoguaphic  Meascuks  for  Refractiox,  uv  Mit.  IIako 
Sun-Spot  Obsekv.atioxs,  by  Rev.  A.  W.  Quimbv. 

FlI.Alt-MlCUOMErEK   OnSEltVATrOX.'^OF   Co.MET  P  1890,    BY   Pr.OF.  OiniOXD    SroxK. 

Ox  THE  Orbit  of  Comet  1887  IV,  isv  Mu.  S.  C.  Chaxdi.ei:. 

Fii.Au-MicROMETEn  Observatioxs  of  Comet  ('1890.  nv  Prof.  C)i!Moxr)  Stoxe. 

New  .\steroids. 

New  Astronojiical  Work. 

Corrigexda. 
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A    METHOD    FOR    DETERMIXING    THE    COLLIMATIOX    OF    THE  PORTABLE 

TRANSIT   INSTRUMENT, 

By  MILTON  UPDEGR.4FF. 


The  cliief  ilitliciilty  in  the  accurate  use  of  the  [loitable 
transit-instrumeut  lies  in  the  detenniuation  of  tiie  coUi- 
ination  coustaat.  Since  observatious  over  mercury,  or  the 
use  of  opposed  collimators  are  either  inaccurate  or  wholly 
impossible,  all  really  practicable  metiiods  for  determining 
the  collimatiou  of  instruments  of  this  class  involve  reversal ; 
and  either  depend,  or  do  not  depend,  on  the  assimiption  that 
tlie  azimuth  is  the  same  before  and  after  reversal.  Even  in 
case  of  instruments  furnished  with  reversing  apparatus  there 
is  some  risk  of  disturbing  the  azimuth  in  reversing  :  and, 
when  the  instrument  has  to  be  reversed  by  hand,  there  is 
great  danger  of  disturbing  the  azimuth  even  when  the  great- 
est care  is  exercised.  Aside  from  this,  a  gradual  change  of 
azimuth  during  the  observations  is  not  at  all  unusual.  For 
these  reasons  those  processes  are  to  be  preferred  which  are 
independent  of  the  azimuth,  and  the  following  accurate 
method  for  getting  the  collimatiou  from  the  time-stars  is 
offered  in  the  belief  that  it  will  be  found  on  trial  to  be  very 
convenient  and  useful.   " 

Let  it  be  assumed  at  the  outset  that  the  rate  of  the  clock 
or  chronometer,  and  also  the  correction  to  the  level-constant, 
due  to  inequality  of  pivots,  are  known.  The  instrument 
being  approximately  adjusted  in  eoUimation  and  azimuth, 
till'  incliuation  of  the  axis  will  be  determined  at  short  inter- 
vals with  the  spirit  level. 

Observe  a  group  of  time-stars,  and  one  or  more  circum- 
polar  stars.  Clump  West,  and  a  similar  group,  Clamp  East. 
The  time-stars  should  be  within  45°  of  the  equator,  and  the 
circumpolars  within  20°  of  the  pole.  The  best  results  are 
given  by  circuuipolar  stars  lying  belweoii  declinations  7;")° 
and  S.')°. 

Reduce  the  observations.  Chimp  TF.,  by  RIaveis's  formula, 
applying  corrections  for  level,  clock-rate  and  diurnal  aber- 
ration in  the  usual  manner,  but  assuming  that  the  collimatiou 
is  zero,  and  deducing  provisional  values  for  the  azimuth  a, 
and  the  clock-correction  /7'.  Uotbice  tlie  observations, 
Clamp  E.,  separately  in  the  same  way. 

Let  us  designate  the  mean  of  the  provisional  .ITa  from 
the  time-stars.  Clamp  W.  and  Clamp  E.,  by  JTa-  and    ITe, 


and  the  unknown  eoUimation,  Clamp  W.,  by  c;  then  the 
collimatiou.  Clamp  E.,  will  be — c,  assuming  that  the  eoUima- 
tion remains  constant  during  the  observations.  Then,  unless 
c  =  0,  in  fact,  JTk  and  ,ITe  will  differ  by  a  certain  quan- 
tity D ;  and  since  all  possible  corrections  have  been  applied, 
except  that  for  eoUimation.  this  discrepancy  D  must  be 
regarded  as  resulting  from  the  change  of  sign  of  the  eoUima- 
tion, and  we  shall  have 

JTe—JTw  =  D  =/(c). 
We  now  proceed  to  discover  the  form  of  /(c),  consider- 
ing first  the  observations,  Clamp  W.     For  each  star  observed 
we  shall  have  an  equation  of  the  form. 

JT  =  u  —  T—aA  —  bB  —  cC-h  cosc-(0'.021)C7, 

in  which  JT,  a.  b  and  c  represent  the  true  values  of  the  in- 
strumental and  clock  constants,  u  the  apparent  right-ascension 
of  the  star,  T  the  observed  time,  and  in  which  the  transit- 
factors  A,  B  and  C  have  the  following  values : 

sin(9" — S)        „  cos(c' — i^)        .  ^  1 


cos  d 


B  = 


cos  d 


and  C  = 


cos  J 


(A'ee    Chauvenkt's   Sphei-ical   and    I'raclical  A^itronom;/^ 
Vol.  II,  p.  1-J5.) 

Since  u,  T.  bB  and  cos  c(0'.OlM  )  C  are  known  quantities, 
this  equation  may  be  written, 

IT  =  —uA  —cG  +  M 

in  which  M  =  u  —  T—bB  +  cosv-(0'.()iM  )  C.  l.ei  an 
equation  of  this  form  be  written  for  each  of  the  time-stars. 
Adding  like  terms,  and  taking  the  means  of  the  coctlicients 
and  absolute  terms,  we  shall  have  au  equation  representing 
the  time-stars.  Clamp  H'., 

JT  —  —aA,  —  cC,  +  -V,  (1) 

For  any  two  stars,  at  least  one  of  which  nmst  bo  a  circum- 
polar,  used  for  determination  of  azimuth,  we  may  write. 

JT  =  —aA,  —  cCt  +  -V, 
JT  =  —uA.  —  cC.  +  ^f, 


from  which 


A,— A,        A,— J, 


(2) 
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Or  eqiiation  (1)  might  l)e  combined  with  the  eiiuation  of 
a  polar  star  for  azimutii. 

DiffcrentiatiDg  equatioDS  (1)  and  (2) 

D,JT  =  —A.Ds  —  C, 
C, — (7j 


T, 


Dm  =  — 


D^JT  =  A, 


A,— A, 

C.—C. 


C,  =  Kw 


•  A,-A, 

Now  D^  IT  can  be  computed  from  tliis  forinuhi,  using  tiie 
known  transit  factors  whicii  iiave  already  been  used  in  the 
preliminary  reduction  in  wiiicli  the  coUimation  was  assumed 
equal  to  zero.  Putting  D,  IT  =^  Kw,  we  have  this  equa- 
tion, 
I  JT  =    ITir  +  c  Kw 

In  exactl}'  the  same  manner  the  value  of  D^  IT  for  the 
observations,  Clamp  E.,  may  be  found,  and  wc  have 


IT  —    JTe 


Ke 


Eliminating  JT, 


III 


JTe  —  JTw 
Ke  -f  /lit- 


and  from  equations  I,  II  and  III,  the  values  of  c  and  .JT 
may  be  found. 

In  com|)utiug  Kic  and  Ke,  the  formulas,   Clamp  W.  and 

(J (J 

Ctom/i  £■.,  are  the  same.    D^a,  or  -~ ~  may  be  computed 

Ai  — A« 

separately  for  each  circumpolar  star  by  combination  with  the 
equation  for  the  mean  of  the  time-stars.  Then  the  resulting 
values  of  Kw  and  Ke  may  be  weighted,  according  to  the 
judgment  of  the  observer,  in  deriving  the  values  of  these 
quantities  to  be  adopted  in  equations  I,  II  and  III. 

If  it  is  desired  to  determine  the  value  of  JT  for  each  star, 
it  can  readily  be  done  by  correcting  the  provisional  value  of 
JT  for  each  star,  as  follows  : 


JT,  —    IT'  +  cK'  Clamj,  W. 
JT,  =  JT'  —  rK'  Clamp  E. 

in  which  JT,  is  the  true  value  of    IT  for  the  star,  JT'  the 
provisional  value  found  in   the  preliminary  reduction,  and 

n n 

C.    A  and  C  are,  of  course,  the  transit- 


K'  z=  A 


A, — Ai 
factors  for  the  star. 

The  true  value  of  the  azimutii  may  be  found  from  the 
formula 

C,-C, 

in  which  «'  is  the  provisional  value  of  the  azinuilli  from  the 
stars  in  question,  and  C,,  C.,.  A„  A.,  are  the  transit-factors 
of  the  stars  used  in  deriving  the  azimuth. 

If  a  comi)lete  check  on  the  work  is  required,  the  reductions 
may  be  repeated  from  tlie  beginning,  using  the  value  of  the 
coUimation  given  by  equation  III.  The  resulting  value  of 
^yr  should  1)6  the  same  as  that  derived  from  equations  I  and 
II. 

When  the  rate  of  llie  clock  is  unknown,  the  instrument 
may  be  reversed  again,  and  an  additional  group  of  stars  ob- 
served. Then  the  rate  may  be  found  fiom  the  observations 
made  in  the  1st  and  3d  positions  of  the  instrument,  and  a 
correction  for  it  applied  in  the  preliminary  reduction. 

By  substituting  the  values  of  ^-I,,  A„,  C,  and  6\,  in  the  ex- 
pression for  D^a,  we  get 

G,  —  C;  cos  8, — cos  5, 

'  ^=  sec  <f 


A,— A, 


siu(^^. — ^j) 


In  the  Report  of  the  U.S.  Coast  and  Geodetic  Survey  for 
the  year  1874,  there  is  a  general  table  of  the  transit- factors 
A,  B  and  G,  for  all  latitudes  and  all  declinations,  which 
will  be  found  very  useful  in  case  a  table  of  transit-factors 
for  the  latitude  of  liie  place  of  observation  has  not  been 
already  computed. 


Observatory  of  the  State  University  of  3Iissouri,  18!)1  March  3. 


OBSERVATIONS   OF   THE  VARIABLE    U  PIS CIUM  (On.  466) , 

By  S.  D.  TOWNLEY. 
[CommunicateU  by  Professor  Comstock,  Director  of  the  Washburn  Observatory.] 


In  the  Astronomical  Journal,  no.  235,  there  is  an  article 
by  Mr.  P.\r-khurst  concerning  the  period  of  the  variable 
star  U Piscium  (466).  From  a  discussion  of  his  own  obser- 
vations and  those  of  Dr.  Peters,  the  writer  obtains  the 
period,  172.2 E  —  0.33 E'^  from  which  he  obtains  a  maxi- 
mum for  the  star,  1890  October  19.9.  I  have  observed  this 
star  with  the  l.o. 5-inch  equatorial  of  the  Washburn  Observa- 
tory, and  have  thirty  observations  of   it;    extending  from 


1889  Nov.  30  to  the  present  time,  with  a  break  from  March 
10  to  July  15.  According  to  my  observations,  the  period 
deduced  by  Mr.  Pakkhurst  is  too  small.  Instead  of  a  mas- 
imum  coming  on  Oct.  19.9  it  did  not  come  until  Nov.  24. 
Between  Nov.  4  and  Dec.  15  I  have  eight  observations  ;  and 
they  all  fall  in  nicely  with  the  light-curve,  and  give  a  well 
defined  maximum  on  Nov.  24.  Upon  Nov.  20  and  Nov.  '27, 
the  brightness  of   the   star  was  the   same,  and    there   can 


N°  238. 


THK     ASTRONOMICAL    JOURNAL 


171 


+ 1  73'' 


be  but  little  doubt  that  a  maximum  came  between  those 
dates. 

In  Chani>ler'.s  Supplement  (A.J.  216),  we  find  the  fol- 
lowing elements  : 

Max.  1880  Jan.  10  » 

Min.    1879  Oct.  12  > 

This  would  bring  a  maximum  1890  Dec.  2,  which  more 
nearly  corresponds  to  my  observations.  These  elements 
give  as  residuals  (O — C)  for  ray  maxima  of  1889  Dec.  20 
and  1890  Nov.  24,  —1''  .ind  —8'',  respectively;  and  for  the 
minimum  of  1890  Sept.  5,  +2''.  The  minimum  of  Sept.  5,  and 
the  maximum  of  Dec.  20  are  based  upon  observations  not 
sulHciently  accurate,  and  not  close  enough  together  to  make 
the  results  very  reliable  ;  but  at  the  maximum  of  Nov.  24 
tlie  observations  are  so  numerous  tliat  there  can  be  but  little 
doubt  as  to  the  accuracy  of  the  determination.  Mr.  C'hand- 
lkr's  elements  are  based  upon  observations  covering  nine- 
teen periods  of  the  star,  and  the  period  is  probably  correct 
within  one  or  two-tenths  of  a  day,  and  the  epochs  within 
four  or  five  days. 

In  one  other  respect  my  observations  do  not  bear  out  Mr. 
Parkhuust's  statements.     Accordiusi  to  the  article  above  re- 


ferred to,  the  star  is  of  the  eleventh  magnitude  at  maximnm. 
According  to  the  magnitudes  which  I  have  adopted  for  the 
comparison-stars,  I  found  the  brightness  of  this  star  at  its 
last  maximum  to  be  9". 7,  and  Chandler's  catalogue  gives 
10".  Twenty  days  before  reaching  its  maximum,  I  saw  the 
star  plainly  with  the  three-inch  finder  of  the  equatorial. 
There  are  a  very  few  stars,  visible  with  the  finder,  not  given 
on  the  Durchmusterung  charts,  and  I  find  my  estimated  mag- 
nitudes to  agree  very  closely  with  those  given  in  the  Durch- 
musterung. My  estimates  of  magnitudes  are  based  upon  thfi 
assumption  that,  when  the  seeing  is  fairly  good  and  the  moon 
not  visible,  the  minimum,  visibile  of  the  equatorial  is  about 
H^.o,  and  of  the  finder  lO^.S.  On  Jan.  9,  1891.  Mr.  Pabk- 
HCRST  gives  the  variable  as  13''.2  ;  on  Jan.  13,  my  obser- 
vations give  1 1  ".8  ;  and  the  star  was  decreasing  in  brightness 
at  that  time.     Its  minimum  is  between  14.5  and  15.0. 

In  one  respect,  however,  my  observations  do  confirm  those 
of  Mr.  Pakkhlkst.  I  refer  to  the  rapid  decline  of  the  star 
for  a  few  days  just  after  passing  maximum.  In  lx»th  my 
observed  maxima  there  is  a  decided  bend  in  the  light-curve 
at  this  part. 

Mv  observations  are  as  follows  ; 


Date 

Observation 

Resulting 

Remarks. 

mag. 

1889  Nov.  30.4     ' 

Estimated  10'". 5 

10.5 

Not  visible  in  finder ;  bright  moon 

Dec.  12.4 

b  5  a 

10.3 

44                                       li 

22.5     ! 

Trifle  brighter  than  a 

9.8 

Hazy 

24.4     ! 

b6a 

10.2 

At  limit  of  vision  in  finder  ;  seeing 

jjoor 

26.5 

6  5a 

10.3 

Visible  in  finder 

1890  Jan.     7.4 

6  4a 

10.4 

Not  visible  in  finder 

Feb.     8.4 

Same  as  h 

12.8 

Seeing  poor 

14.3     i 

I  7  h 

13.2 

Mar.    8.3 

Not  visible 

<14 

i  extremely  faint :   20°  from  horizon 

Julv   15.7 

foe 

11.4 

23.6 

Same  as/ 

11.8 

Seeing  poor 

Aug.  19.6 

Estimated  13". 5 

13.5 

Sept.  10.6 

Only  just  visible 

14.5 

22.5 

Trifle  briijhter  than  t 

13.8 

14.6 

./■■Ic 

1 1 .5 

Nov.    4.4 

6  7  (( 

10.2 

Visible  in  lindor 

10.6 

0".l  fainter  tiian  a 

10.1 

1                         18.5 

O^.l  brighter  than  a 

9.9 

I                         20.3 

a  2  71 

9.7 

Estimated  0*'.4  brighter  than  n 

27.4 

o  2  n 

9.7 

Dec.     6.4 

bl  a 

10.2 

10.3 

b  G  a 

10.3 

14.3 

6  4a 

10.4 

Very  faint  in  finder 

23.3 

63(1 

10.5 

30.3 

Same  as  6 

10.7 

Seeing  very  bad 

1891  Jan.      2.3 

Same  as  c 

11  0 

" 

13.3 

Same  as/ 

11.8 

Feb.     3.3 

1  6  /t 

13.3 

' 

5.3 

i  5  h 

13.4 

1 

1 

10.3 

Same  as  i 

14.0 

6  6a  means  that  the  light  of  the  variable  was  six-tentiis  '       Where  nothin<; 
of  the  way  from  6  to  a.  i  fair  or  good. 


is  said  witii  regard  to  the  seeing   it  was 
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n 

9.2 

—21 

— 7 

(( 

10.0 

+  19 

+  5.0 

h 

10.7 

+  41 

+  2.3 

c 

11.0 

+  13 

—5.0 

/ 

11.8 

+  12 

+  0.8 

Q 

12.0 

+  10 

0 

h 

12.8 

+  11 

—2 

i 

14.0 

+  10 

+  2 

Madison,  Wis.,  1891  Feb.  17. 


(i,  /),  c  and  /  are  the  same  as  iiseil  l)y  Dr.  1'kteus,  aud 
given  in  A.y.,  vol.  99,  no.  23f;(l. 

Tbe  niagnitiidi's  are  my  own  eslimateti  ami  esliniatcs  from 
Petkrs's  charts,  cvcept  n,  wliicli  is  taken  from  tlie  Durch- 
musterunij ,  being  DM.  +12°,  169.  Upon  two  occasions  wiien 
the  seeing  was  very  good  I  have  6  marked  as  very  faintly 
visible  in  tlie  finder,  so  there  is  some  reason  to  believe  tliat 
perhaps  it  is  brighter  tlian  its  assigned  inagnitnde.  If  this 
be  so,  then  a  is  brigliter  than  10",  wliicli  would  bring  the 
variable  at  maximum  to  9". 5,  or  brighter. 


ON    THE    CALCULATION 


The  calculation  of  star-correctious  (or  reductions  from 
mean  to  apparent  place)  for  zenith-telescope  work,  can  be 
conveniently  carried  out  by  the  following  method.  The 
usual  custom  is  to  apply  the  Besselian  formulas  to  all  the 
stars  observed.  Hut  the  stars  are  observed  in  pairs,  aud 
the  calculation  of  the  latitude  requires  only  a  knowledge  of 
the  mean  of  the  apparent  declinations  of  the  two  stars  of 
any  pair.  It  is,  therefore,  obvious  that  there  may  be  a 
saving  of  labor  if  we  do  not  compute  separately  for  each 
star,  but  proceed  at  once  to  the  mean  of  the  corrections  for 
the  two  stars  by  a  single  calculation.  In  other  words,  I 
propose  to  reduce  the  observations  of  each  pair  for  latitude, 
using  simply  the  mean  declinations  of  the  stars  for  the  be- 
ginning of  the  year ;  aud  then  apply  a  correction  to  the 
latitude  so  obtained.  This  correction  will  obviously  be  the 
mean  of  the  declination  reductions  belonging  to  the  two 
stars. 

Now  let : 

ai,  5i,  be  the  right-ascension  and  declination  for  the  southern 

star, 
«2,  S.,,  be  the  same  quantities  for  the  northern  star,  aud  put 

t  =  *(«»-«,)  ;  =  ^(^.>— 5:) 

«„  =  i(«,+a,)  <\  =  i(t%+^) 

Then  the  reductions  required  by  the  declinations  of  the 
stars  will  be,  respectively, 

i  cos^i  +  T/^i  +  g  cos(G  +  («i)  +  h  cos (//+«,)  sin?, 
i  cos  §2  +  ■'",'^2  +  9  cos(G+«2)  +  h  cos(II+iu)  sin?, 
the  mean  of  which  may  be  written : 
i  cos  1*0  cos^  +  T,'j„  +  g  cos(G+a„)  cost 

+.J-/i[cos(fl'+a2)+cos(fi'+rt,)][sin^L.  +  siu^] 
+  [cos(ZZ'+«2) — cos  (£"+«,)  J]  [sin  ?o — sin?,] 

The  last  term  of  this  expression  may  be  put  in  the  form 
h[co8{H+a„)  cost  sin^o  cost — sin(^+ao)  siu'  cos5osint] 
which  can  be  brought  into  a  single  term  by  the  introduction 
of  auxiliary  quantities.     In  this  way  the  alx>ve  expression 
for  the  mean  of  the  reductions  is  brought  into  the  form : 


OF    STAR-PLACES    FOR    ZENITH    TELESCOPE 
OBSERVATIONS, 

H  V      11  A  K  O  L  D      J  A  C  O  B  Y  . 

i  cos5„  coSi  +  T//„+  g  cos(G  +  it„)  cost  +  h  m  cos{H+n„+kt) 

where  m  and  kt  are  given  by  the  equations : 

»»isinA'<  ::=  cos5„  sin^  sini  ,., 

w  cos  kt  ^  sin  d^  cost  cost  ^ 

This  is  quite  rigorous,  and  will  always  give  precisely  the 
same  result  as  would  have  been  obtained  by  computing  the 
corrections  separately.  Little  would  be  gained,  however,  by 
the  use  of  the  above  formulas  as  they  stand.  But  simplifi- 
cations can  be  introduced,  owing  to  the  fact  that  t  is  always 
small,  and  ?„  equal  to  the  latitude  very  nearly.  We  shall 
not  introduce  an}'  appreciable  error  if  we  write,  instead  of 
equations  (1)  : 

A"  :=  cot<f)  tan  L'  ,y.. 

ill  =  sin  ?„  cos  r  cos  t  \  ' 

We  may  accordingly  take  as  the  final  formulas  for  the 
correction,  which  must  be  added  to  the  latitude  computed  with 
the  mean  declinations  for  the  beginning  of  the  year, 

k  =  cot  <l>  tan  ^ 

X   =    cos  (j)  COS  t 

»/i„  =  sin fij  cost  (3) 

J^  =  i  I  +  T/'i,  +  !/  cos  ( G  +  rt„)  cos  t 

+  hm„cos(H+ic„  +  kt)  cosC 

It  will  be  found  in  practice  that  these  formulas  can  be 
computed  as  quickly  as  the  star-correction  of  either  one  of 
the  stars  could  be  done  sei)arately.  It  will  require  but  a 
very  few  minutes  to  tabulate  x  to  three,  and  k  to  two,  places 
of  decimals,  for  each  5°  of  T  from  0°  to  25°.  Log  v\,  should 
be  tabulated  in  a  small  table  of  double  entry  which  will  also 
require  only  a  few  minutes  to  construct ;  for  it  need  only 
have  three  arguments  for  t,  aud  the  same  number  for  d^. 

We  can  then  take  x,  k,  and  log  m„  ( which  are  always 
positive)  from  the  tables  by  simple  inspection  ;  and  they 
are  constant  for  each  particular  pair  of  stars,  as  they  depend 
on  the  star's  positions  alone.  This  fact  especially  recom- 
mends the  method  in  cases  where  the  same  pairs  of  stars  are 
observed  frequently  through  long  periods  of  time.  It  is 
also  evideut  that  differential  formulas,  similar  to  those  pro- 
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posed  by  Preston  (Differential  Method  of  Compuling  Star- 
Places,  by  E.  D.  Pke-ston,  Apueinlix  13,  U.  S.  Coast  Survey, 
1888),  can  be  applied  to  this  method,  if  desired.  But  the 
method  alone,  as  here  given,  will  abridge  the  star-correction 
work  by  one-half. 
As  an  example,  let  us  assume  the  following  data : 

(^  =  40°  45',  or  the  latitude  of  Columbia  College. 
Date  =  1886  Nov.  2,  Washington  Mean  Midnight. 

Kj  =  2'"  28'". 0  §2  =  *)0°  4.1 '  ,«„  =  IJ 

«,  =  2     10  .0  5,  =  20    3.5 

The  quantities  from  the  American  Ephemeris  are  : 

G  =  2"  7"'.9         //  =3"  7'".3         i   =  6".  I  7 
log;/  =   1.1944  log /t  =    1.289'J 

The  tables  comi)utcd  by  (3)  for     </;  =  40°  4.5',     are  : 


For  X  an( 

k 

For  loR  )»„ 

f 

X 

k 

t 

t\  =  40°  40'      40°  45' 

40°  .50' 

0° 

+  0.758 

+  0.00 

0 

9.8140       9.8148 

9.8155 

5 

0.755 

0.10 

5 

9.8138       9.8146 

9.8153 

10 

0.746 

0.20 

10 

9.8136        9.8144 

9.8151 

15 

0.732 

0.31 

20 

0.712 

0.42 

25 

+  0.687 

+  0.54 

In  the  present  case  : 

«(,  =  2"  19'".0,     t  =  +9"'.0,     ^j,  =  40=  40',     ;  =  20°  o' 

and  therefore  from  the  little  tables,  by  inspection,  we  have 
for  this  pair  of  stais  : 

X  =  0.712         k  =  0.42         log  w„  =  9.8136 

so  that 

kt  =  +3'".8         .<„  +  kt  =  2"  22'". 8 

(J  co3{G+a„)  cos<  =  +6.18 

hmn  cos  (//+«„+ A-< )  cos  r  =  +1.55 

ix  =  +4.39 

/J4>            =  +12.12 

A  calculation  of  the  two  stars  separately  gives   for  the 
respective  reductions 

10". 46         and         13".  79 

whose  mean  is  12".  12,  agreeing  exactly  with  the  result  found 
above. 

Columbia  Collerje,  New  York,  1891  Feh.  16. 


OX   THE   LIGHT-VAKIATIONS   OF   X  CYGNI, 


]{Y  PAUL  S.  YENDELL. 


From  1890  May  11  to  1891  Jan.  16,  1  have  observed  this 
star  one  hundred  and  forty  times.  From  the  single  light 
curves  resulting  from  this  series  of  observations,  fourteen 
maxima,  and  an  equal  number  of  minima  are  deduced,  as 
follows  : 


Maxima 

Minima 

E 

Date 

IB 

0— () 

Date 

w 

()— c 

81 

'90  May   31.30* 

4 

+  0.99 

]\Iay 

22.10 

4 

—  1.40 

82 

.June  15.25 

5 

+  0.45 

.lunc 

8.70 

3 

—0.10 

83 

30.50* 

5 

—1.59 

25.30* 

4 

+  0.11 

84 

.Tulv   17.60 

5 

—0.87 

July 

10.80 

4 

—0.77 

85 

Aug.    2.90 

5 

—0.96 

27.40* 

4 

—9.56 

86 

19.60 

4 

—0.65 

Aug 

14.20 

5 

+  0.85 

87 

.Sept.    5.20 

5 

—0.44 

29.5* 

5 

—0.24 

88 

21.40* 

5 

—0.63 

89 

Oct. 

2.3 

4 

+  0.78 

90 

Oct.  22.60 

4 

—2.20 

17.7 

4 

—0.20 

91 

Nov.  10.6 

5 

+  0.41 

Nov 

3.2 

5 

—0.09 

92 

27.3 

4 

+  0.72 

19.6 

5 

—0.08 

93 

Dec.  13.0 

5 

+  0.03 

Dec. 

7.8 

1 

+  1.73 

94 

27.8 

5 

—  1.56 

19.3 

3 

—3.16 

95 

'91  Jan.    13.7 

3 

—  1.04 

91  Jan. 

7.5 

5 

—0.34 

The  residuals  are  obtained  by  oomparisoii  with  the  ele- 
ments published  by  me  in  this  Journal,  Vol.  IX,  p.  188. 
Maxima  and  minima  marked  with  an  asterisk  ocenired 
durintr  moonlight. 


Especial  attention  has  lieen  paid  to  the  liueluation  in 
range  of  the  light-curve  alluded  to  by  Chandler  in  his 
papers  in  Vol.  VII,  pp.  32  and  159,  and  by  myself  in  Vol. 
VIII,  p.  177  and  Vol.  IX,  p.  188.  As  a  preliminary  to  a 
final  investigation  of  this  question,  it  seemed  advisable  to 
construct  a  light-scale  of  a  quasi-definitive  character,  usiii"' 
for  the  purpose  the  whole  body  of  observations  accumulated 
during  the  three  years  I  have  had  the  star  under  observa- 
tion ;  this  scale,  with  the  estimated  magnitudes  of  the  com- 
parison-stars, are  as  follows  : 

Coinparison-stftrs  L  Mas.  Y 


.(  =  DM.  35  4141 

13.6 

6.2 

l>   =  DM.  34  4127 

9.4 

6.7 

'/  =   HM.  .•'.4   4111 

7.0 

6.9 

/  -    DM.  34   4114 

5.0 

7.1 

The  value  of  a  ste|),  according  to  this  scale,  appears  to  be 
O^.OPl,  oryV  niRg- 

The  light-tables  given  in  Vol.  VIII.  p.  178  and  Vol.  IX, 
p.  188,  have  been  reduced  to  this  scale,  together  with  the 
maximum  and  minimum  lights  observed  during  the  past  sea- 
son, and  are  embodieil  in  the  following  table  : 
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Maximusi  .\ni)  Minimum  Amounts  of  [..ioht,  X  Oygni. 


V. 

Max. 

Mill.       Ol))- 

3 

12.(1 

4.0         C 

4 

13.0 

2.5* 

5 

3.0 

6 

3.5 

21 

12.7 

22 

10.8 

23 

12.3 

5.7         " 

24 

12.0 

5.7         " 

26 

2.5 

37 

11.2 

6.8         Y 

38 

12.(1 

6.7*       '' 

39 

12..S 

6.7 

40 

13.6 

7.0 

42 

13.0 

6.5* 

43 

13.6* 

7.0         " 

44 

11.7 

6.15       " 

4o 

11.7* 

5.7 

46 

10.8 

5.7         " 

47 

13.0 

6.7*       " 

48 

11.0 

5.1 

49 

10.7 

6.3 

50 

9.4* 

5.1 

61 

11.7* 

5.7         " 

62 

11.0 

6.0 

53 

12.0 

58 

11.7 

59 

13.6* 

6.2 

Observers.     C.  =  Chandleb;  Y 
Dorchester,  Mass.,  1891  March  8. 


E 

Max. 

Mill.      01)s 

60 

12.6 

Y 

61 

14.2* 

5.2 

62 

12.6 

7.5*       '• 

63 

13.6* 

7.2 

64 

65 

13.2 

7.0 
7.0 

66 

11.7 

7.2         " 

67 

11.7 

5.5* 

(;,s 

5.2 

69 

10.7 

4.7* 

7(1 

11.2* 

2.8 

71 

11.7 

3.9 

72 

11.2* 

3.9 

73 

11.2 

5.0 

81 

13.4* 

6.8 

82 

13.5 

7.2 

83 

12.5* 

6.5*       " 

84 

13.5 

7.2         " 

85 

12.5 

6.5*       " 

86 

12.5 

7.4         " 

87 

12.5 

6.5*       " 

88 

12.5 

89 

7.2         " 

90 

10.5 

5.0 

91 

9.5 

3.0 

92 

9.4 

3.5 

9;! 

9.5 

3.0 

94 

10.5 

4.0* 

95 

10.5 

4.0 

R;  Y. 

=  Ykndi- 

I.I.. 

Upon  plotliiig  the  aliove  table,  iiiiil  drawing  curves  ho  as 
l)est  to  satisfy  the  observed  lights,  a  very  deliiiite  and  regu- 
lar variation,  quite  simultaneous  for  both  inaxiniuin  and 
minimum  lights,  is  at  once  apparent ;  the  |)eric)d  of  liiis  fluc- 
tuation appears  to  bo  twenty-one  periods  of  the  star'.s 
|>rincipal  variation,  or  rallier.  perha])s,  the  star's  principal 
variation  ap|>ears  to  have  a  light-range  of  0*'.4  in  a  period  of 
344  days,  on  whicii  is  superposed  a  variation  of  from  0''.4 
to  0".8,  with  a  period  of  16.38  days.  Tiie  maxima  and 
minima  of  the  great  curve  aiipear  to  succeed  each  other  with 
much  regularity  for  the  three  years  during  wiiich  I  have  had 
the  star  under  observation  ;  and  C'iiandi.eu's  observations 
for  1886  and  1887  fall  in  well  on  its  prolongation  ;  we  may. 
therefore,  I  think,  regard  the  periodical  cimracter  of  this 
variation  as  distinctly  proved. 

Maxima  on  this  curve  have  occuried  as  follows  : 
Max.  lijilit    Min.  liffht 


Kpoc'i 

41 

13.2 

8.0 

62 

13.5 

7.2 

83 

13.5 

7.2 

M 

inlma 

spoch 

50 

9.5 

5.2 

71 

10. <s 

3.0 

92 

9.3 

3.0 

The  star's  average  light-range  appears  to  be  6". 32  =  0". 58  ; 

the  extremes  observed  are  4". 3  =  0''.39,  and  9".0  =  0^.82. 

The  average  interval  from  minimum  to  maximum  is  6''. 9. 

Greatest  observed  light.  14".2  =  5". 7  ;  least,  2". 8  =  7". 3. 


ON   THE   PERIOD 

By  J.  E.  GOI! 
With  reference  to  Mr.  Chandler's  remarks  on  the  period 
of  this  variable  in  the  Astronomical  Journal,  no.  233,  I  have 
computed  from  my  elements,  1887  Dec  22  +373'*. 47i^,  the 
epochs  of  maxima  whicli  fall  nearest  to  the  dates  of  the  old 
observations  he  quotes,  and  find  the  following  results  : 


Date  of     • 

Computed  epoch  of 

Ditterence 

oljservalion 

maximum 

days 

(1) 

1797  B>b.   17 

1796  Dec.  19 

60 

(2) 

1826  Mar.    3 

1326  Aug.  16 

166 

(3) 

1850  Dec.   30 

1851  M!ir.     1 

61 

(4) 

1853  Nov.    6 

1854  Mar.  25 

139 

(5) 

1854  Nov.  24 

1855  Apr.     3 

130 

(6) 

1855  Feb.    18 

1855  Apr.     3 

44 

(7) 

-    1857  Feb.      9 

1857  Apr.  19 

69 

My  calculations  have  been  checked  by  Lieut. -Col.  Mark- 
wick.  F.R.A.S.,  and  his  results  agree  with  mine. 

It  will  be  seen  that  all  the  dates  of  observation  (except 
no.  6)  are  sufficiently  distant  from  the  computed  epochs  of 

Ballysodare,  Ireland,  1891  Feb.  10. 
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i,  F.R..V.S. 

maxima  to  be  quite  consistent  with  my  elements.  As  the 
star  rises  to  a  maximum  more  rapidly  than  it  decreases  in 
light,  it  would  be  probably  below  9"  or  fainter  60  days  before 
a  maximum  (as  in  cases  3  and  7).  With  reference  to  no.  6 
the  star  may  very  possibly  have  been  faint  at  the  maximum 
of  that  year,  say  7*'. 5  (as  it  was  at  the  maximum  of  Dec. 
1887),  and  in  this  case  it  might  well  have  been  only  9". 5  on 
1855  Feb.  18,  as  observed  by  Schonfeld.  On  1886  Nov.  1, 
or  44  days  before  the  maximum  (not  a  faint  one),  as  ob- 
served by  Mr.  Sawyer,  1  found  the  star  invisible  in  a  clear 
moonless  sky  with  my  binocular,  which  shows  stars  to  8". 8 
or  9".  On  1888  Nov.  9,  or  47  days  before  the  maximum,  it 
was  also  invisible  with  the  binocular,  in  a  very  clear,  moon- 
less sky.  Col.  Markwick  tells  me  that  on  1890  Dec.  15,  or 
about  28  days  before  the  recent  maximum,  he  found  the  star 
below  8". 5,  and  my  observations  confirm  this.  From  the 
above  consideration  I  conclude  that  my  period  of  373''.47  is 
quite  as  probable  as  any  other. 


N"  238. 
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EPHEMERIS  FOR   THE   RETURN    OF  WOLF'S   PERIODIC   COMET   1884  III, 

Dr.  Bekbekich    has    very    kindly   computed    for    me    an  rition  of  the  comet  tliis  year,  I  take  the  liberty  of  sending 

ephemeris  of  Wolf's  periodic  comet   (1884  III).  '  Dr.  Hekbkkich's  elements  and  ei)heraeris  to  tlie  Journal,  so 

As  no  ephemeris  has  so  far  been  piililished  for  the  appa-  ,  tiiat  others  may  iia've  an  opportunity  to  join  in  the  search. 


3It.  He 

milton.  1891  Feb.  '.K 

ELEMENTS    AND    E 

PIIF 

MET    1884  III 

WOLD 

E 

E.   Bakn 

AK1>. 

:meris  of 

CO 

liv 

l)K.  A.  BEnBERICII. 

Elements.- 

189 

App.  f 

App 

■  S 

log  A 

Hr. 

Epoch,  1891  Sept.  8.0  Berlin  M.T. 

May 

19 

li           m 

23       6 

51 

+  16° 

50.9 

0.3204 

1.73 

M  =       0°  35'  so!? 

w  =   172  49   17.3  ) 
Q,  =  206  21   35.5  V  Mean  Eq.  1890.0 

i  —     25   14  37.5  ) 

ir  =     33  51    25.8 

//  =  520".2349 

June 

23 
27 
31 
4 
8 
12 
16 

15 
25 
34 
43 
23     53 
0       2 
12 

59 
4 
21 
45 
17 
57 
45 

17 
18 
19 
20 
21 
22 
23 

47.3 
43.1 
38.1 
32.0 
24.7 
15.8 
5.0 

0.3001 
0.2793 
0.2580 

1.98 
2.27 
2.62 

log  a  z=  0.5558714 

20 

22 

40 

23 

52.0 

0.2362 

3.00 

T  =  Sept.  3.86591  Berlin  M.T. 
Ephe-meris  fou  Berlin  Midnight. 

Julv 

24 

28 
2 

32 
42 

0     53 

44 
56 
15 

24 
25 
25 

36.6 
18.4 
57.3 

0.2139 

3.45 

1K91 

App.  rt                     -\pp- d                    log  A 

Mr. 

6 

1       3 

42 

+  26 

32.2 

0.1911 

3.96 

ay      3 
7 

22*'    31'"    -10'        +1:'.°      3'.9           0.3593 
40     19              14       (I.G 

1.32 

Vai-iatioi 

corresponding  t< 

— IJ  ill 

the  period 

11 

■19       4              M      .'.7.4            0.3401 

1.51 

May   11 

+9fi-, 

+1'.4. 

15 

22     57     54          +15     54.2 

Jinie  20 

+i:w-. 

— 2'.M. 

ELEMENTS   OF   COMET   1890  IV  (zo.v.i). 

By  EDWIN  B.  FROST. 


lean  Etpiino.x  1890.0 


T  =   1890  Aug.  7.1911  Berlin  .M.T. 
71— Q.  =  331°  21'  47".3") 

Q.  =     85    22    40  .3  [^  Me 
(■  =  154    19      2   .4) 
log  9  =  0.311363 
O— C:      <U'cosp^'  =  — 0".3.       tV  =  +3".  J. 
Slrassburg.  1891  Munh  2.  

ON  THE  REFRACTION- CORRECTION  OF  PHOTOGRAPHIC  MEASURES, 


From  the  three  normal  phices  derived  from  the  observa- 
tions on  Nov.  18  at  Rome  and  Dresden,  on  Dec.  8  at  Strass- 
burg  and  Boideaux,  on  Dec.  28  and  29  respectively  at 
Bordcau.x  and  Dresden,  I  have  computed  the  following 
elements. 


By  S.  C. 
The  linal  forn)ulas  of  Mr.  Jacobi  in  the  last  column  of  p. 
164,  no.  237,  are  ratlier  troublesome  and  complicated,  as  he, 
indeed,  recognizes  in  proposing  to  reduce  the  labor  of  their 
computation  by  constructing  tables.  I  would  suggest,  how- 
ever, that  this  is  entirely  unnecessary,  as  the  corrections  in 
question  may  be  expressed  in  very  simple  functions  of  the 
refractions  tiiemselves.  Tims,  if  o-  —  s  and  n — p  are  the 
refractions  computed  by  Bessel's  formulas  with  the  coordi- 
nates of  the  center  of  the  plate,  the  corrections  to  be 
applied,  to  get  the  values  which  would  have  been  obtained 
by  using  the  coordinates  for  the  middle  points  between  the 
center  and  the  several  stars,  may  be  obtained  vi-ry  simply 
from . 


CHANDLKH. 

With  very  large  zenith  distances  and  high  declinations  we 
may  employ  the  following  : 


J(<r-.s)    = 


-.•((cr — .s)  sin  1"  cos(/i — q) 

[sec^ — tantt  sin/)  sin(;)- 


')] 


-/(;r — p)  =  — \f{n—p)Bm\"cos{p—q)  (l+tanT) 
+  4«K8ec-f  tan  it  [sin;)(cos-g  +  cos  2(/) — </)) — cos' 9] 


(2) 


(1) 


/t((r — s)    =  —    s{(T — s)   sin  1"  sec  »  cos(7> — 7) 
/l{n — p)   =z  — ^  s(n — p)   sin  1"  sec  t  cos(/) — q) 


The  errors  of  these  approximate  expressions  are  exces- 
sively small,  and  in  all  ordinary  cases  entirely  negligible. 
Cambmlxji'.  18;tl  Feb.  il . 


where  only  terms  of  the  order  of  squares  of  the  refractions 
are  neglected. 

The  approximate  fornmla  (1)  for  position-angle  will  l>6 
somewhat  more  accurate  if  we  put      l+tanT    for  secT. 

I  would  add  that  it  is  my  impression,  without  such  exami- 
nation as  is  needed  to  make  sure,  that  some  of  the  terms 
in  the  article  of  Mr.  Jacobi  are  illusory,  being  of  the 
same  order  as  those  neglected  in  the  assumption  that 
the  exposures  are  instantaneous,  which  is  not  practically 
true. 
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NEW  ASTEROIDS. 


Two  other  small  phiiu'ts,  13",  were  discovered  In-  Mii.i.oskvkii.   Miircli  1,  and  Chari.ois.  March  .'),  in  the  followin 
positions  : 

No.  307.     Mar.  1.46S1  Gr.  M.T.     u  =  10''  17'"  I'it' 
No.  308.     Mar.  ."). 34,1.5  Gr.  M.T.     u  —  \0      1     26.1 


=  +11°36'40".      Daily  motion, —  1"'  iu  «,  and  H'norlhward. 
=  +19    42    10.      Daily  motion, — 48'  iu  «,  and    4    northward. 

Prof.  Kkl-kock  gives  notice  that  an  asteroid  observed  hv  Charlois  1890  Nov.  14,  and  snpposed  by  him  to  be  no.  298, 
discovered  Sept.  9,  proves  not  identical  with  the  latter.  Consequently  it  takes  the  number  302  ;  and  the  numberintr  of  the 
four  announced  on  |).  167  of  the  Astronomical  Journal  must  be  increased  by  1  in  each  case. 


Names  have  been  given,  as  follows,  to  asteroids  heretofore  discovered: 

283  Emma  285  Regina  290  Bruna  292  Ludovka 

'ZU  Amelia  28'J  Nenetlu  i9 1  Alice  293  Brasilia 


294  Felicia 
29.')  Thereaio 


COMETS   OF   THE   YEAR   1800. 

The  dates  are  in  Greenwich  Mean  Time,  and  the  Elements  only  approximate. 


Desig- 
nation 

Perihelion 

Si 

(0 

i 

9 

* 

Discoverer 

Date             Synonym 

O         t 

o       r 

O            1 

0           ( 

I 

Jan.  26.480 

8  29 

199  52 

56  45 

0.270 

Borrelly 

1889  Dec.  12     y  1889 

II 

June    1.467 

820  21 

68  54 

120  34 

1.908 

Brooks 

1890  Mar.  19      a  1890 

III 

July     8.649 

14  25 

85  53 

63   15 

0.766 

Coggia 

July  18  1  b  1890 

IV 

Aug.    7.093 

85  23 

331    19 

154   18 

2.047 

Zona 

Nov.  15  !  e  1890 

V 

Sept.  Hi. 

146     5 

172  58 

15  43 

38  50 

Barnard 

Oct.     6      d  1890 

d' Arrest's 

VI 

Sept.  24.478 

100     7 

163     0 

98  56 

1.260 

Denning 

July  23 

c  1890 

VII 

Oct.  26.564 

45     6 

12  51 

12  51 

1.818 

28     8 

Spitaler 

Nov.  16 

/  1890 

Period  6".  4  i 

NEW  ASTRONOMICAL  WORK. 


Catalog  von  3949  Sternen  zvoischen  C4°  50'  und  70°  10'  twrdlicher 
Declination  lS5o,  fur  das  Aeqitiiioctium  1875,  nach  Zonen-beobach- 
tungenam  Ertelschen  Meridiankreise  der  Uiiioersitats-Sternwarte  in 
Christiania  in  den  Jahren  1870  bis  1881  von  C.  Fearni.ey  und  H. 
Grelmuyden.     Leipzig,  1890.     80  pp.      4to. 

This  contains  the  third  part  of  tlie  lirst  division  of  the  zone- 
catalostues  of  the  Astronomische  Gesellsckaft,  and  i.s  tlie  tliird  to 
make  its  appearance,  the  parts  undertal<en  at  Albany  and  at  Helsing- 
fors-Gotha  having  already  been  pul)lished.  The  observations  were 
made  with  the  Ertel  Meridian-Circle  of  48  lines  aperture  and  five 
feet  focal  length,  and  have  been  already  published  in  zone  form  in 
Zonen-beobachtungen  der  Sterne  zmischen  G4^  50'  und  70°  10'  u.s.w. 
Tlie  transits  were  observed  by  the  eye-and-ear  method,  usually  over 
four  threads,  by  Professor  Fbarxley,  and  the  circle-readings  were 
obtained  from  two  verniers  by  Professor  Geklmuydex.  The  obser- 
vations were  made  about  equally  in  the  two  positions  of  the  circle, 
east  and  west.  A  comparison  shows  that,  wldle  for  right-ascension 
thedifference,E.-W.,  is  of  no  importance,  this  difl'erence  for  the  decli- 


nations varies  from  — 0".07,  In  12''  of  H.A.,  to — I'.SB,  in  9'",  and  is  in 
the  mean  about  — 0".8O.  The  observations  are  arranged  in  flvc 
groups,  accoj'ding  to  right-ascension,  and  one-half  the  dill'erence  thus 
ascertained  is  applied  to  the  circle-readings  in  the  respective  positions 
with  opposite  signs.  The  largest  ditlerence  is  — 1".12  (20'' 5G'"  to 
10''  35'"),  and  the  smallest  — d".35  (15''  SO"'  to  18''  39'").  It  was 
found  necessary  to  apply  also  a  correction  of  — 0''.54  to  the  decli- 
nation obtained  from  lower  culmination.  Special  corrections  in 
declination  for  a  few  zones  have  been  determined  through  compari- 
son of  their  places  with  those  of  other  zones.  These  corrections 
vary  between  — 1".85  and  -f-2".36.  Only  half  weight  is  assigned  to 
the  declinations  from  certain  zones.  The  probable  error  of  a  single 
determination  is  given  as  ±0'.054  in  right-ascension  (±0.02  in  great 
circle) ,  and  ±0'.54  in  declination.  The  arrangement  of  the  catalogue 
is  the  same  as  that  for  the  numbers  of  the  series  which  have  already 
appeared,  except  that  columns  are  added  in  which  are  given  the  co- 
efficients of  precession  which  depend  upon  the  third  power  of  the 
time;  and  notes  relating  to  proper  motion  appear  at  the  foot  of  the 
catalogue-page. 


CON  T  E  U  T  S  . 
A  Meiiioi)  foi:  Determixixg  tiik  Collohtion  <ii'  the  Poiitabi.e  Transit  I.vstbumest,  by  Prof.  Mii.tox  Ui'deguaff. 
Observations  of  the  Variable   f/PisciuM  (Cn.  46t;).  by  Mr.  S.  D.  Towxley. 

Ox  THE  Calculation  of  Star-Places  for  ZEXiTH-TELEScorE  Observations,  by  Mr.  Harold  .Iacoby. 
Ox  THE  Light- Variations  of  XCygnj,  by  Mr.  Paul  S.  Yendell. 
Ox  the  Period  of   J/Orionis,  bjt  Mr.  J.  E.  Gore. 

Ephemeris  for  the  Return  of  Wolf's  Periodic  Comet  1884  III,  by  Prof.  E.  E.  Bai-.nard. 
Elements  of  Comet  1890  IV,  by  Mr.  Edwin  B.  Frost. 

Ox  the  Refraction-Correction  of  Photogkaphic  Measures,  by  Mb.  S.  C.  Chandler. 
New  Asteroids. 
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SOUTHERN  YAEIABLE   STAKS 

By  JOHN  G. 

In  the  SmitbsoDiau  Reijort  for  1866,  pp.  380-381,  ex- 
pression was  given  to  our  intention  of  devoting  the  old 
equatorial  to  variable-star  work.  It  is  a  Trocghton  and 
SiMMS  instrument  of  about  5  inches  aperture,  and  it  was 
supposed  that  the  position  of  the  observatory  would  l)e 
favorable  for  work  on  stars  south  of  the  equator. 

The  present  paper  contains  the  results  of  tiie  work  of  the 
hist  two  years,  at  least  as  regards  those  phases  whicli  have 
been  completely  determined. 

The  majority  of  these  stars  have  been  little  observed  since 
the  publication  of  Professor  Schonfei.d's  second  catalogue, 
probably  on  account  of  tlieir  soutliern  declination  and 
comparative  faintness.  Tliis  would  seem  to  justify  the  orig- 
inal plan. 

In  the  following  pages  tlie  fractions  of  days  are  expressed 
in  Greenwich  Mean  Time,  and  all  the  magnitudes  reduced 
to  the  scale  of  the  Soidkern  Durchnmstening . 

The  maximum  brightness  of  the  stars  was  derived,  not 
from  single  estimates,  but  from  the  light-curve,  nor  was  it 
based  on  the  magnitudes  of  the  brightest  comparison  stars 
alone,  but  on  a  reduced  magnitude  scale  depending  on  all 
the  estimates  made,  and  expressing  the  mean  S1)1\I.  scaJ-j 
in  the  small  field  around  the  variable,  as  has  been  more 
fully  exi)lained  in  a  previous  article  on  the  light-variations 
of  S  Persei  and  T  Arietis  {A.  J.,  vol.  X,  pp.  116-118.) 

The  mean  slep-vahte  in  this  equatorial  seems  to  be  consid- 
erably smaller  than  it  was  in  the  3-inch  glass  which  I  for- 
merly used,  as  the  following  figures  will  show  : 

1  step  =  0'".108,  3-iuch  equatorial,  1883-1888 
1  step  =  0".016.  .')-inch  equatorial,  I8S9-1890 

The  n|i|ii'r  uunil)er  was  deduced  fioni  two  varialvles  and 
133  estimates,  namely  S  Persei  and  T  Arietis  (see  the  paper 
before  mentioned),  the  latter  from  eleven  varlal)le8  and  289 
estimates. 

It  may  be  useful  to  show  lunv  the  step-value  varies  for 
the  eleven  conslellatious,  that  form  the  subject  of  this 
article. 


OBSERVED   m  1889   AM)   J.sOO, 

H.^VGEN,  S.J. 


No. 

Star 

1  Step 

No.  of 
obs. 

845 

It  Ceti 

o!b45 

29 

893 

U  Ceti 

57 

41 

4407 

R  Coi-vi 

75 

26 

4805 

W  Virqinis 

44 

45 

4816 

V  Virgin  is 

56 

18 

4847 

S  Virqinis 

55 

28 

6132 

li  Ophiuchi 

21 

13 

6905 

R  Saqiltarii 

19 

18 

6921 

S  Sagittarii 

- 

16 

7468 

T  Aquarii 

42 

17 

8230 

S  Aquarii 

49 

38 

1 

Average  step  =  0*'.04();!;  28!>  observations  on  H'y  uiglits. 

The  step-value  seems  to  depend  mainly  on  the  range  of 
the  comparison-stars.  It  decreases  as  the  intervals  between 
the  magnitudes  of  the  comparison-stars  become  smaller,  ia 
accordance  with  the  experience  of  other  observers,  like 
OiiJEMANS  and  Sciionfem). 

This  series  of  observations  of  southern  varialiles  will  be 
discontinued  for  the  present,  since  work  of  a  wider  scope 
lias  been  initiated,  an  account  of  which  will  appear  in  due 
time. 

845.     R  Ceti. 

No  observations  of  this  star  seem  to  have  been  published 
between  1875  and  1890.  Two  maxima  have  been  observed 
here  in  1890,  the  one  deduced  froni  16  observations,  as 
mentioned  in  this  Journal  (vol.  IX,  p.  158),  the  other  from 
13  observations  between  1890  October  31,  and  1891  Jan- 
uary 25. 

The  single  light-curves  give  these  maxima  approximately 
on  the  following  days  : 

^fax.  1890  Jan.  3-1,  and  Dec.  13. 

Sint-e  both  curves  appear  pretty  regular,  they  have  been 
eombineil  into  a  mean  light-curve,  supposing  the  period  to 
be  107.1  days.  *Tlie  29  available  observations  gave  15  nor- 
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null  points,  :iiui,  from  tlie  iiieaii  curve  thus  ilctcruiiuetl,  tlii' 
following  scale  of  steps  was  derived  : 


Days 

Steps 

Days 

Steps 

—30 

39.0 

+  10 

9.3 

—25 

29.9 

+  15 

13.7 

—20 

21.4 

+  20 

17.4 

—  15 

13.9 

+  25 

21.0 

—10 

9.6 

+  30 

24.6 

—  5 

8.0 

+  35 

28.0 

0 

7.5 

+  40 

31.5 

+   5 

■7.4 

+45 

35.2 

Tiie  mean  cuive  lias  the  peculiarity  that  tlic  iiighesl  point 
does  not  exactly  coincide  wilii  tlie  maximum  as  determined 
by  Pogson's  curve,  a  case  wliicii  will  appear  more  strikingly 
below  in  the  curve  of  S  Aquarii. 

The  steps  may  be  reduced  to  the  scale  of  the  8DM.  mag. 
nitudes  by  the  following  table  : 


Step.s 

Mag. 

Steps 

Mag. 

7 

8.23 

23 

8.95 

9 

8.32 

25 

9.04 

11 

8.41 

27 

9.13 

13 

8.. 50 

29 

9.22 

15 

8..")  9 

31 

9.31 

17 

8.68 

33 

9.40 

19 

8.77 

35 

9.49 

21 

8.86 

37 

9.58 

iMaximuiii  brightness  =  8''.2. 

By  means  of  the  mean  light-curve  the  two  maxima  have 
been  determined  with  greater  exactness  as  follows  : 

E  42,  Max.  1890,  Jan.    4.5,      O— C  =  —13.1  days 
44,  Max.  1890,  Dec.  10.0,     O— C  =  —  7.8  days 

The  periods  have  been  counted  and  the  residuals  deduced 
from  the  elements  in  Prof.  Schonfeld's  catalogue  : 

Max.  1870,  Oct.  31.4  +   167.1  £■, 

where  it  is  stated  that  nine  maxima  between  1867  and  1875 
would  give  the  period  167.65  days,  with  large  and  regular 
errors  up  to  10  days.  The  period  was  diminished  to  167.1 
in  the  catalogue  on  account  of  preceding  observations  as  far 
back  as  1794,  whilst  the  two  latest  maxima  1890  seem  to  re- 
quire a  still  smaller  period  of  about  166.9  days.  More 
numerous  observations  will  be  necessary  to  show  whether 
the  variations  are  regular  and  periodic. 

893.      U  Ceti. 

Two  maxima  of  this  star  were  observed  in  1890,  the  one 

in  February,  the  other  in  October.     The  light-curve  of  the 

first  maximum  rests  on  23  observations  from  1889  Dec.  12, 

until  1890  March  8,  and  shows  great  irregurarities,  probably 


due  to  tiie  ol)servations  alone.  The  maximum  brightness 
=  7". 6  was  apparently  reached  between  Feb.  3  and  5. 

The  same  maximum  was  observed  by  Mr.  Sawyer  (A.J., 
vol.  X,  [).  14)  and  put  on  Feb.  7.5.  As  a  mean  value  we 
may  take  Feb.  6  for  the  time  of  niaxinuim. 

The  other  light-curve  is  very  regular  and  gives  the  maxi- 
mum on  Oct.  9,  magnitude  =  7". 6,  from  1«  observations 
between  1890  August  25  and  Dec.  13. 

There  are  only  three  well-determined  maxima  recoi'ded, 
prior  to  those  mentioned,  all  Ity  Mr.  .Sawyek  (A.  J.,  vol. 
VII,  p.  185,  and  vol.  VIII,  p.  170). 

The  following  tal)le  shows  all  the  five  laaxima.  with  the 
results  that  can  be  drawn  from  them  : 


E 

Maximum. 

Wt. 

0— C 

Observer 

—3 
—  1 

0 

+  2 
+  3 

1886  Nov.  26 
1888  Feb.  24 
1888  Oct.    22 
1890  Feb.     6 
1890  Oct.     9 

1 
1 
1 
2 

1 

ii 
+  8 
—8 
—3 
—2 
+  7 

s. 

s. 

S. 

S.,  II. 
H. 

Five  equations  of  condition  were  formed,  which  gave,  by 
the  method  of  least  squares,  the  following  eJevwut.'i  : 

Maximum,  1888  October  24.9  +  235. 5G  E ;  magnitude  =: 
7.6,  with  the  residuah  in  the  column  O — C. 

4107.     R  Corvi. 
A  well-determined  maximum  was  obtained  from  26  obser- 
vations, commencing  1890  February  13  and  ending  June  14  : 

E  22  .Wax.  1890  Mar  29,  5".9,    O-C  =  \  fH  f^^  in'^'V 
'  (  +30  days  (Ch.) 

The  increase  of  light  was  somewhat  more  rapid  than  its 
decrease. 

The  maximum  occurred  about  a  month  later  than  was 
expected  from  the  elements  in  Schonfei.d's  and  Chandler's 
catalogues,  the  mean  value  of  the  22  periods  between  1870 
and  1890  being  as  large  as  319.86  days. 

There  is  a  niaximnni  recorded  by  Prof.  Sciionfeld  (A.  N. 
2065)  on  1875  May  3,  and  two  more  recent  ones  in  this 
Journal  (vols.  VIII  and  IX)  for  1888  and  1889,  approxi- 
mately determined  from  5  and  6  observations  by  Mr.  Sawyer 
and  Mr.  Yendell  respectively. 

Some  more  well-determined  maxima,  however,  will  be 
required  before  the  periodical  inequality  to  which  the  light- 
variations  of  this  star  are  evidently  subject  (see  Mr.  Chand- 
ler's Catal.  pp.  83  and  87),  can  be  determined  mathemati- 
cally. 

4805.      W  Virginis. 

No  observations  of  this  star  appear  to  have  been  pub- 
lished since  the  discussion  of  the  elements  by  Prof.  Schon- 
FELD  {A.  y.  Nos.  1729  and  1931),  except  three  or  four 
maxima  by  Mr.  Yendef-l  (A.' J.,  vol.  IX,  p.  83)  in  1889; 
owing  probably  to  the  peculiar  difficulties  attending  this 
case.     Two  weeks  of  good  weather  are   necessarv  for   an 
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independent  determination  of  a  maximuni  or  minimum  and 
tlie  moon  should  not  be  full  near  the  time  of  minimum 
briglitness.  TLe  difliculty  is  increased  by  tiie  proximity  of 
bright  stars  and  the  great  distance  of  convenient  compari- 
son-stars. 

As  will  appear  from  the  table  below,  column  headed  p  = 
iceight,  there  is  only  one  case  {E  449)  within  two  years,  in 
which  13  observations  could  be  secured  for  the  same  mini- 
nnim. 

Forty-five  observations  were  obtained  during  1889  and 
1890,  of  which  two  had  been  marked  doubtful  and  were  re- 
jected. The  phases  were  derived  from  them,  not  by  single 
light-curves,  but  by  the  method  explained  by  Akgelander 
in  his  first  paper  on  pi  Lt/rae.  The  43  observations  were 
combined  into  15  normal  points,  which  gave  a  light-curve 
resembling  so  closely  that  of  Prof.  Schosfeld,  that  no 
change  can  be  detected  for  the  course  of  the  last  twenty 
years. 

The  following  table  will  represent  the  resulting  phases  : 


JE 

Phase 

Obs.Greenw.M.T. 

P 

0-C 

0— C 

423 

Min. 

1889  Apr.  18.0 

1 

—0.3 

423 

Max. 

26.8 

3 

—0.2 

+  1.0 

424 

Min. 

May  6.1 

2 

0.0 

424 

Max. 

13.9 

3 

—0.4 

+  0.8 

441 

Min. 

1890  Feb.  23.3 

4 

—0.4 

442 

Max. 

Mar.  21.0 

6 

—0.2 

+  1.0 

444 

Min. 

Apr.  15.0 

8 

—1.0 

447 

Max. 

June  15.2 

2 

—0.3 

+0.9 

449 

Min. 

July  11.3 

13 

—0.6 

The  periods  in  the  first  column  are  counted  from  Schon- 
fki-d's  epoch  : 

Min.  1869  April  17.4(;6  )  ,     ■,        ,  .    r^  •  i    nr  -r  x 

ir       iQ<!o  A      -1  .1-  e^c  }  (reduced  to  Greenwich  M.l.) 
Max.  1869  April  2o.6b6  )  ^  ' 

The  fourth  column  gives  the  icek/ht  equal  to  the  number  of 
observations.  The  weights  of  the  phases  in  1889  are  so 
small  that  they  can  have  little  influence  in  a  recoinputation 
of  elements,  and  they  have  been  added  merely  to  show  the 
general  prevalence  of  the  negative  sign. 

The  fifth  column  gives  the  differences  between  the  dates 
observed  and  those  computed  from  Prof.  Sciionfeld's 
period  =  17.27263,  and  the  last  column  the  same  computed 
from  Mr.  Yenuell's  .=i  17.26987. 

As  appears  from  the  signs  of  the  residuals,  the  mean 
period  from  1869  up  to  1890  has  a  value  between  those  just 
mentioned.  We  can  get  an  approximation  of  this  value  in 
the  following  way  : 

The  mean  (by  weights)  of  the  residuals  0 — C  divided  by 
the  mean  of  the  corresponding  epochs  E  gives  : 

—  ^^  —  —  0.00115  days, 
441 

and  this  quantity  added  to  17.2726.'l  gives  the 

Mean  Period  =z  17.27148  days  {E  441) 


The  maximum  and  minimum  brightness  of  the  star,  as  de- 
rived from  the  mean  light-curve,  are  as  follows  : 
Max.  =  8". 9,    Min.  —  9''.5. 

4816.      V  Virginis. 

In  1889  the  star  was  found  invisible  between  May  14  and 
April  22,  or  about  the  period  31.4,  counting  from  Prof. 
Schonfeld's  epoch  : 

Max.  1867  Sept.  4   +   251  E. 

In  1890  only  15  observations  were  obtained,  from  which 
a  curve  was  drawn,  giving  approximately  the  following 
result : 

E  33,  Max.  1890,  May  1  ;    O— C  =  —  8  days. 

The  residual  of  8  days  does  not  point  to  an  error  in  the 
elements,  in  view  of  the  fact  that  deviations  of  the  single 
light-curves  from  the  computed  maxima  may  amount  to  10 
days  (see  Sciiosfei,u's  II  Catalogue,  p.  45). 

The  maximum  brightness  reached  by. the  star  on  this  occa- 
sion was  only  9". 2. 

4847.     6'    Virginis. 

In  1889  the  star  was  observed  three  times,  from  March  to 
April,  and  the  observations  only  show  that  its  brightness 
was  near  maximum. 

In  the  following  year  25  observations  were  obtained  be- 
tween February  15  and  July  5,  ten  before  and  the  rest  after 
maximum. 

Since  the  light-variations  were  rather  rapid  (more  than  40 
steps  in  three  months),  the  maximum  of  the  (single)  light- 
curve  could  be  determined  exactly  within  a  few  days,  as 
follows : 

E  26,  Max.  1890  March  29  ;  O— C  =  +  37  days,  mag. 
=  7.3,  as  referred  to  the  elements  in  Mr.  Chandler's  Cat- 
alogue. 

The  large  residual  confirms  the  statement  of  Mr.  Chand- 
ler in  the  introduction  to  his  catalogue  regarding  periodical 
variations. 

6132.     li  Ophiuchi. 

Thirteen  observations  of  this  star  were  obtained  in  189ti 
from  August  15  to  October  17,  which  gave  the  following 
maximum  : 

E  30,  iVax.  1890  Sept.  14,  O— C  =  +  21  days,  bright- 
ness =  7 ".4,  with  epoch  and  residual  based  on  Schok- 
feld's  elements. 

The  error  of  the  single  light-curve  cannot  bo  as  much  as 
±  4  days,  because  of  the  rapid  and  regular  change  of  light 
near  maximum. 

The  mean  period  between  1865  and  1890  is  308.1  days. 

6905.     R  Siigillarii. 
This  star  was  under  observation  on  18  night*  from  189(» 
August    15    to    November    18,    and    reached   its   m.ixiiuum 
brightness  between  October  14  and  16.  or,  say  : 
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E  29,  Max.  1890  Oct.  15,   O— C  =  —51  days,   biiijhtness 

=  8".0. 

The  I'pocli  iiiul  period  from  wiiieli  tiiese  nninbcrs  were  de- 
duced, lire  Prof.  Sciionkki.d's  (based  on  3  sure  uinxiiiia 
witliiii  7  periods)  : 

Max.  ISC,;)  .lime  2S,  +  270  E. 

The  light-curve  appears  very  regular,  tiie  increase  of 
brightness  being  as  usual  a  little  more  ra[)id  tiian  tiie  de- 
crease. 

There  is  a  inaxiiuuui  nu'ulidncd  in  the  A.N.  (No.  2060) 
by  Prof.  SciioNKEi.i)  on  1.S71  Se[)t.  !■!,  witii  a  residual  O — C 
=  -1-13  days. 

The  maximum  of  1890  seems  to  l)e  sure  within  two  or 
three  days,  and  tlie  large  residuals  -1-13  and  — 51  point  to 
considerable  irregularities. 

The  numerous  observations  of  this  star  by  Prof.  Sakahik, 
between  tiie  years  1883  and  1887  will  be  invaluable  in  a  re- 
computation  of  the  elements,  when  reduced  and  published. 

The  mean  period  between  1861)  and  18'J0  seems  to  lie 
268.24  days. 

0921.     S  Sagitlarii. 
This  star  has  not  been  much  observed,  on  account;  of  its 
faintness.     In  1890  the  star  was  observed  here  on  10  nights, 
from  Aug.   15  until  Nov.    13,  starting  from  Prof.   Sciion- 
KELu's  elements : 

Ma.v.  1809,  Nov.  20  -l-  230  E, 
we  have,  from  a  single  light-curve,  the  following  result : 
E  33,  3Tax.  1890  Oct.  16  ;  O— C  =  +45  days ;  mag.  =  9.7. 
Hence,  even  assuming  an  error  of  10  days  in  the  last  maxi- 
mum, the  mean  period  between  1809  and  1890  is  one  day 
longer  than  given  above.  Its  nearest  value  we  can  get  from 
this  maximum  is  231.4  days. 

7468.      T  Aquarii. 

A  maximum  has  been  determined  here  in  1890  from   17 
observations  between  Sept.  15  and  Nov.  28,  namely  : 
£17,  3/aa;.  1890Oct.  19,  O— C  = -f  7''.6,  brightne.is^S".!. 

The  residnnl  is  computed  from  Mr.  Chandler's  elements, 
and  does  not,  if  considered  by  itself,  indicate  any  change  in 
the  period.  Yet  it  may  be  suggestive  to  compare  it  with 
the  residuals  of  preceding  observations.  Starting  from  1881 
May  10.5  we  have  : 


£—19 

1870Oct.  16.9 

Schonfeld'sIICat. 

0— C=  +4.1 

-12 

1874  Sep.   9 

"     A.N.  2066 

+  4.1 

—  3 

1879  Sep.  17.0 

Schmidts. -^.2297 

+  8.4 

—  1 

1880  Oct.  20.0 

"      A.N.  2367 

+  0.8 

+  4 

1883  July  31 

"     A.N.  roll 

+  1.7 

-fl7 

1890  Oct.  19 

See  above 

+  7.6 

which  have  not  been  considcied   here,  nor  have  the  minima 
been  taken  into  account. 

«230.     S  Ai/uarii. 

Few  observations  of  this  star  seem  to  have  been  pub- 
lished, probably  owing  to  its  large  southern  declination. 

A  maximum  was  obtained  here  in  1889  from  21  observa- 
tions (see  this  Journal,  vol.  IX,  p.  157),  and  another  in 
1890  from  17  observations  extending  from  July  1!  to 
Oct.  3. 

If  determined  from  the  single  light-curves,  the  innxima 
occurred  on  the  following  days  : 

E  29,  Mux.  1889  Nov.  2,     O— C  =   +19  d.ays 
E  30,  Max.  1890  Aug.  6,     O— C  =   +17  days 

as  referred  to  tlie  elements  in  Prof.  Sciionfei.u's  Catalogue  : 
Max.  1867  Aug.  8  +  279.4  E. 
The  two  light-curves  appeared  so  peculiar  in  their  shape, 
and  still  so  similar  to  each  other,  that  the  construction  of  a 
mean-curve  seemed  to  promise  greater  accuracy.  The  38 
available  observations  were  thus  combined  into  one  series 
by  subtracting  280  days  fi'om  all  the  dates  of  the  latest 
maximum,  and  then  collected  into  16  means  or  normal 
points.  A  regular  curve  drawn  between  these  points,  so  as 
to  leave  about  the  same  number  of  points  on  either  side, 
gave  the  following  mean  light-scale : 


There  are  three  more,  but  incompletely  determined,  maxima 
mentioned  by  Schmidt  in  the  .4.A^.  (nos.  2420,  2491,  2577) 


Days 

Steps 

Days 

Steps 

—40 

35.0 

+  12 

10.2 

—36 

32.0 

+  16 

10.7 

—32 

28.4 

+  20 

12.5 

—28 

24.0 

+  24 

14.9 

—24 

19.0 

+  28 

18.0 

—20 

14.8 

+  32 

21.0 

—16 

12.7 

+  36 

23.9 

—12 

11.7 

+  40 

26.3 

—  8 

11.1 

+  44 

28.4 

—  4 

10.8 

+  48 

30.2 

0 

10.5 

+  52 

31.8 

+   4 

10.3 

+  56 

33.1 

+   8 

10.2 

1 

The  reduction  of  this  scale  to  the  SDM.  magnitudes    is 
effected  by  the  following  table  : 


Steps 

Mag. 

Steps 

Mag. 

9 

8.30 

23 

8.99 

11 

8.40 

25 

9.09 

13 

8.50 

27 

9.18 

15 

8.60 

29 

9.28 

17 

8.70 

31 

9.38 

19 

8.80 

33 

9.48 

21 

8.89 

35 

9.58 

The  peculiarity  of  the  light-scale  consists  in  the  fact  that 
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the  niaxiniuin.  as  cletermiaed  by  Pogson's  curve,  falls  about 
nine  daj's  earlier  than  the  greatest  brightness  of  the  star. 
The  curve  is  almost  flat  between  the  days  — 16  and  +16, 
but  has  its  highest  point  at  +".). 

In  this  ease,  therefore,  what  is  meant  by  the  maximinu, 
has  to  be  exactly  defined.  The  maxima  here  given  have  all 
been  determined  by  Pogson's  curve.  If  the  highest  point  of 
the  light-curve  were  taken,  the  residuals  () — C  would  be  still 
larger,  viz.  :      +28  and  +26. 

The  two  maxima  were  then  (grai)hically)  redetermined 
by  means  of  the  mean  light-curve,  as  follows  : 

Georgetown  College  Oln^ervatory ,  1891  Mar.  19. 


E  29,  Max.  1889  Oct.  31.5^    O— C  =  +20  days,  mng.  8.1, 
E  30,  Max.  1890  Aug.   7.9,    O— C  =  +19  daVs,  mag.  8.6. 

The  large  residuals  O — C  confirm  the  remarks  of  Aboe- 
LANDEK  (Beobachtungen  u.  Rechnungen.  etc.,  p.  84)  with  re- 
spect to  irregularities  in  the  period,  and  Prof.  Schoxfei.i/s 
opinion  (IlCatal.)  that  the  period  seems  to  be  larger  than 
given  in  his  catalogue.  His  elements,  from  which  those  of 
Mr.  Chandler  differ  very  little,  were  derived  from  four 
maxima  (1859-1873),  in  addition  to  which  we  now  have 
three  more,  namely  one  in  1874  July  12,  mag.  8.0  (A.N. 
2065),  by  Prof.  Schonfei.d,  and  the  two  of  1889  and   1890. 


ON  THE   RIGOEOUS  COMPUTATION^  OF  DIFFERENTIAL   REFRACTION, 


When  the  distance  of  stars,  nioasiired  with  the  heliometer 
or  on  photographic  plates,  is  very  large,  or  when  they  are 
near  the  pole  or  the  horizon,  the  ordinary  formulas  for 
differential  refraction  entail  errors  which,  though  slight,  be- 
come important  in  stellar  parallaxes  and  other  delicate  in- 
vestigations. 

The  attempt  to  deduce  purely  differential  formulas  which 
are  free  from  defect  in  such  cases,  leads  to  complicated  ex- 
pressions, very  troublesome  in  their  practical  application 
without  the  pieparatiou  of  elaborate  special  tables.  The 
simplest  way  to  avoid  this  and  attain  the  desired  precision 
appears  to  be,  to  compute  for  each  star. 


By  S.  C.  CII.VNDLER. 

or  and  71     for     s  and;),     in  the  second  members  of  (I)  and 
(2),  and  instead  of  (3)  use 

//(<7 — s)   =:fcr}itaB7i 

.J(7i — ]>)  ^  /hcosec\"  + ^  (/T — p)  (4) 


In  =  kn  cosec(5+37')  secc'S 


Jd  =  k  cot(;5  +  .V) 


Then,  using  the  mean  of  the  position-angles  at  the  two 
stars  and  the  mean  true  declination,  the  differential  refrac- 
tiou  in  distance  and  position-angle  may  be  found  from  the 
e(|uations  following. 

g  sin  G  =   (./c. — Ja')  cosfi,, 
f/cos<7  =   (JS—.liV) 

h  =  |(zW  +  JiV)  tau(\,  siu2p  sin  1" 

(T  —  .S    nr    </  C0S(G — p)  -\-shiM\p 

Tt — p  =  g  sin(G' — p)  — ; — tt,     +''  cosec  1" 


(1) 


(-M 


s  sin  1 

WluMi     0-  —  .•>■  and  it — p     are  very  large  we  can  apply  the 
ri>ll<)wing  additional  corrections 

./(or — s)   z^fshtanp 

(3)  J{n — p)  =/hcosecl' —  (tt — ;)) 

where  /  =  h  seep  cosec /> 

but  these  terms  will  in  general  be  less  than' n". 01 .  and  very 
small  even  in  the  most  extreme  cases. 

If  it  is  desired  to  employ  the  true,  instead  of  llie  apparent 
distances  and  position-angles  in  the  compulation,  substitute 


where  /  =:  /<  secw  cosec ;r - 

<r 

I  will  not  consume  space  in  giving  the  derivation,  or  illus- 
trating the  use,  of  these  formulas.  While  ou  this  subject, 
however,  it  may  be  useful  to  note  some  corrections  of  the 
text-books. 

Kliniinatiug  (/  and  G  from  (I)  and  (2),  we  get 

(.  lie — .  Ju')  siojj  cos 5,,+  {//8 — /Id')  cos|)  ^=  (o- — n)  —  .<!//  lanp 
{  Ja — In')  cosp  eos^„ — (/I8 — //tV)  ship  =z  .v(<r — j))  sin  1" — xh 

and  from  these, 

^lu — da'  =  [(o- — s)  sinp  +  x(n — p)  siu  1"  cosp 

—  s/i ( tan p  sin p  + cosp)]  soc^, 
Ju — (/(V  =:   (o- — .<)  cosp  —  .■<(n — p)  siul"sinp 

Substituting  the  value  of  h  from  (1),  writing 
},(.li^  +  .ld')  =  Ktanrcosf/. 

and  introducing  the  values  of  <r  —  s  and  n  —  />  by  Hesskl's 
forunilas,  we  get  Chauvknkt's  C()uations  (351),  II,  p.  458, 
excei)t  that  the  term  in  the  right-asceusion 
—  tan^sinf/tau  <\,cosp,  becomes  — tan  ^  tan  «Vsin(p  +  </) 
Similarly  we  nuist  correct  the  first  of  equation  (351*)  bv 
inserting  in  the  brackets  the  term  — tan  h  cotf/  sinp.  The 
error  of  Chauvknkt's  demonstration  lies  in  the  first  equation 
of  section  298,  where,  in  comparing  the  relations  of  the  true 
and  ap|)arent  coordinates  he  should  have  taken, 

■  J(ii' — «)   =  <rsinwsoci\  —  s  sinp  soc(t\,+ J(./«^  +  .W)) 

the  development  of  which  would  have  KhI  to  the  correct  form 
of  (351)  and  (351*)  alHjvc  given.  The  effect  of  the  error 
is  small  near  the   equator,  but   increases  rapidly  with   the 
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tlecliuation,  tlie  erroneous  terra  liecoining  in  fuel  tin-  princi- 
pal one  for  iiigii  declinations. 

A  similar  error  pervades  llio  dcnionslration.s  of  tiie  dilTer- 
ential-rcfraclion  fornnilas  in  UuiiNNOw's  Astt'ononiy,  a  fact  to 
which  I  have  adverted  in  another  place. 

There  is  reason  to  believe  that  an  error  of  another  sort  is 
frequently  committed.  It  is  a  common  practice,  in  observ- 
ing a  comet  or  asteroid,  to  determine  the  zero  of  position  by 
first  allowing  the  comparison-star  to  run  along  the  trans- 
verse thread  ;  but  in  such  a  case  the  refraclion-fornuilu  to 
be  used  in  right-ascension  should  be 

J{u' — «)   =  2k((V — 8)  tan-f  cosfy  sin^ 

instead  of  the  first  equation  of  section  299  of  Ciiauvenet  ; 

Cambridge,  1891  March  12. 


or,  if  the  position-angle  is  measured,  its  correction  should  be 

n — 2'  =  "  cosec  1"  tan-'^[cos-/)  sin2j — J  sin2;>  cos2f/] 
instead  of  the  second  of  Kq.  (.'549).     The  fornndas  of  the 
text-books  can  be  correctly  used  only  when  the  true,  and  not 
the  apparent,  zero  has  been  determined. 

In  the  formula  (1)  for  position-angle,  p.  175  of  the  last 
number  of  the  Journal,  the  factor  ^  was  included  by  a  slip 
of  the  pen,  and  should  be  omitted.  The  second  of  (2)  re- 
quires corresponding  modification.  With  reference  to  the 
use  of  these  fornuilas,  it  nuiy  be  added  that  (1)  will  always 
be  sulliciently  accurate  wherever  the  method  can  l)e  employed 
with  advantage  at  all.  When  the  terms  requiring  the  use  of 
(2)  become  seusiltle,  it  will  be  more  economical  to  abandon 
the  use  of  the  coordinates  of  the  center  of  the  plate. 


OBSERA'EI)   MAXIMA   AND  MINIMA   OF   VARIABLE   STARS,   1890-1891, 

Bv  I'AUL  S.  YEXDELL. 


U  Orionis. 

Twenty-four  observations  of  U  Orionis,  from  1890  De- 
cember 24  to  1891  February  11,  indicate  that  the  star 
passed  a  maximum  on  1891  January  22:  the  light-changes 
showed  the  usual  characteristics,  of  a  rather  rapid  increase, 
a  considerable  period  of  stationary  maximum  light,  and  a 
slow  decrease.  The  greatest  observed  light  was  by  estima- 
tion, 6". 8. 

Ji  Scuti. 

R  Scuti  was  ol)served  forty-four  times  between  1890 
June  15  and  November  6.  When  first  observed,  it  appears 
to  have  been  at  or  near  a  maximum,  being  ^  the  star  6 
Scuti,  or  4". 5 ;  from  this  time  it  decreased  steadil^v  till 
August  9,  when  a  minimum  was  passed  of  6.6  magnitude; 
another  maximum  of  5". 2  occurred  about  September  30,  and 
when  last  observed,  the  star  was  apparently  at,  or  just  past, 
a  minimum  of  equal  light  with  that  of  August  9. 

S  Sagittae. 
S  was  observed  seventy-five  times  during  the  season,  and 
from  the  series  of  observations,  eleven  maxima  and  eight 
minima  have  been  deduced,  as  follows  : 


Maxima 

w 

MiNIiMA 

w 

1890  May    19.1 

3 

1890  June  9.2 

3 

June    13.88 

3 

18.4 

4 

July       7.25 

3 

27.3 

3 

16.23 

4 

July  12.5 

2 

24.62 

3 

21.0 

4 

Aug.     2.9 

2 

Aug.  5.5 

2 

18.14 

1 

15.4 

3 

Sept.     4.47 

4 

Oct.  12.4 

3 

21.9 

3 

29.8' 

2 

Oct.     15.87 

3 

Dorchester,  Mass.,  1891  . 

Uarck  13. 

T  Vidjieculae. 
This  star  was  observed  from  1890  May  17  to  December  7, 
the  observations  numbering  in  all  seventy-one  ;  tlie  follow- 
ing maxima  and  minima  were  deduced  from  these  by  tlie 
use  of  a  mean  light-curve  : 


Maxima 

w 

Minima 

w 

890  May 

15.08 

1 

1890  June     9.11 

20.01 

1 

18.53 

June 

10.95 

1 

July      6.69 

15.74 

2 

11.30 

20.89 

1 

14.38 

23.89 

1 

Aug.    2.36 

29.17 

2 

5.95 

July 

3.91 

•> 

11.38 

3 

8.32 

2 

15.38 

16.88 

3 

24.34 

21.15 

3 

Sept.    2.33 

25.27 

1 

18.83 

Aug. 

3.79 
13.15 

2 
1 

Oct.      1.30 
15.30 

16.52 

2 

28.31 

Sept. 

7.66 
20  91 
29.70 

2 
2 
2 

Nov.  17.14 

Oct. 

9.87 
13.70 
22.40 
31. .58 

1 
1 
2 
2 

Nov. 

4.35 
13.63 
22.73 

4 
2 

1 

• 

Dec. 

1.82 
5.80 

1 

2 
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EPHEMEKIS  OF   VARIABLES  OF   THE   ALGOL-TYFE. 


Approximate  Greenwich  M.T.,  1»!»1. 


April 


April 


M:iv 


Mav 


June 


U  Ce\>hc\ 

8 

14 

FCygni 

24 

11 

C7' Opiiiuclii 

12 

19 

U  Corouae 

30 

19 

U  Cepbei 

17     9 

S  Caucii 

9 

1 

S  Librae 

25 

15 

U  Coronae 

13 

12 

R  Can.  Maj. 

31 

8 

F  Cygni 

17  10 

Y  Cygui 

t) 

12 

C/Opbiuclii 

2G 

20 

C/'Cepliei 

13 

12 

U  Cepbei 

17  20 

{JOpbiiichi 

10 

22 

R  Can.  Maj. 

27 

6 

R  Cau.  Maj. 

14 

7 

June 

L'Opliiuchi 

18  16 

R  Can.  Maj. 

11 

9 

rCygni 

27 

11 

FCygni 

15 

11 

R  Can.  Maj. 

1 

12 

Y Cygni 

18  22 

S  Librae 

11 

16 

C  Opiiiuclii 

27 

17 

R  Can.  Maj. 

15 

11 

U  Cepbei 

2 

10 

(/Opbiucbi 

19   13 

U  Opiiiuclii 

11 

18 

S  Cancri 

28 

0 

8  I.,ibrae 

16 

14 

FCygni 

2 

10 

FCygni 

20     9 

U  Corouae 

12 

11 

R  Cau.  Maj. 

28 

10 

R  Can.  Maj." 

16 

14 

l^Opbiucbi 

2 

18 

d  Librae 

20  12 

r Cygui 

12 

12 

(/Ccphei 

28 

13 

S  Cancri 

16 

24 

C/Opbiucbi 

3 

14 

U  Coronae 

20  12 

E  Can.  Maj. 

12 

12 

R  Can.  Maj. 

29 

13 

i7  Opiiiuclii 

17 

20 

S  Cancri 

4 

23 

FCygni 

21   21 

f7  Opiiiuclii 

12 

14 

C7  Corouae 

29 

H 

FCygni 

18 

10 

F  Cygni 

5 

10 

U  Cepbei 

22     9 

U  Ceplifi 

13 

14 

FCygni 

30 

11 

trCephei 

18 

12 

d  Librae 

6 

13 

F  Cygni 

23     9 

iiCan.  Maj. 

13 

15 

U  Opiiiuclii 

18 

16 

U  Corouae 

6 

16 

U  Cepbei 

23   17 

F Cygui 

15 

11 

Mav 

U  Coionae 

20 

10 

U  Cepliei 

7 

10 

S  Caucri 

23  22 

U  Coionae 

15 

22 

V  Opiiiuclii 

1 

21 

F  Cygui 

21 

10 

(/Opiiiuclii 

7 

19 

U  Opbiucbi 

24  13 

J7  0pliiuclii 

16 

19 

S  Librae 

2 

15 

(7  Opiiiuclii 

22 

21 

FCygni 

8 

10 

FCvgni 

24  21 

U  Opiiiuclii 

17 

15 

CrOphiuilii 

2 

17 

R  Can.  Maj. 

23 

9 

f/Opbiucbi 

8 

15 

F  Cvtiui 

2t;     9 

rCygni 

18 

11 

FCygni 

3 

11 

C7Cepliei 

23 

11 

FCvgni 

9 

22 

('  Cepbei 

27     9 

S  Caucii 

18 

13 

U  Cepbei 

3 

13 

d  Librae 

23 

14 

FCygni 

11 

10 

U  Coronae 

27  10 

fCephci 

18 

14 

J?  Can.  Maj. 

5 

5 

U  Opbiuclii 

23 

17 

U  Cepbei 

12 

10 

a  Librae 

27  12 

S  Librae 

18 

16 

R  Can.  Maj. 

6 

9 

FCygni 

24 

10 

U  Opbiuclii 

12 

20 

F Cygui 

27  21 

ieCan.  Maj. 

19 

8 

FCygni 

6 

11 

R  Can.  Maj. 

24 

13 

FCygni 

12 

21 

U  Opbiucbi 

28  18 

n  Can.  Maj. 

20 

11 

U  Coroiiae 

6 

15 

S  Caucri 

26 

11 

S  Librae 

13 

12 

F  Cygni 

29     9 

FCvgni 

21 

11 

6'  Cancri 

7 

12 

FCygni 

27 

10 

U  Corouae 

13 

14 

C^  Opbiucbi 

29  14 

li  Can.  Maj. 

21 

14 

R  Can.  Jlaj. 

7 

12 

U  Ophiuchi 

27 

21 

U  Opbiucbi 

13 

16 

F  Cygni 

30  21 

f/Opiiiuchi 

21 

20 

(/Cepliei 

8 

12 

U  Cepliei 

28 

11 

F  Cygui 

14 

10 

V  Opiiiuclii 

22 

Hi 

I'Cygni 

9 

11 

U  Opiiiiicbi 

28 

17 

<S  Cancri 

14 

10 

(7  Corouae 

22 

19 

8  Librae 

9 

15 

FCygni 

30 

10 

U  Opbiuclii 

11 

12 

U  Cancri 

23 

13 

FCygni 

12 

11 

(^  Librae 

30 

13 

FCygni 

15 

22 

XOTE   ON  ZENITH-TELESCOPE   STAR- CORRECTIONS, 

Hv  IIAKOLD  JACOIiY. 


.Since  my  note  on  tiie  above  subject  appeared  jn  A.J.  238, 
iny  attention  bas  been  called  to  a  paper  by  Prof.  Safkord 
(Pfoc.  Ani.  Ac.  of  Arts  and  Sc,  1875,  vol.  XI,  p.  167),  wliere 
it  is  sbown  tbat  tbe  reduction  I  liave  called  J^>  cau  also  be 
computed  by  means  of  tlie  Besselian  constants.  It  is  clear 
tliat  we  may  write : 
J<f)  =  T!>„  +  i{a\+a\)  A+'2{b\  +  b'.^B 

'+  i{c\  +  c',)  G+i{<l\  +  d',)  D. 


and  tbis  e(iuati(>n  is  given  by  Prof.  .Safkokd.  Tbc  same 
form  was  also  used  in  tbe  reduction  of  some  of  tbe  recent 
German  observations.  I  regret  that  at  llie  time  of  writing  I 
was  not  aware  tbat  I  bad  been  partly  anticipated.  I  tbink, 
liowever,  tbat  under  some  circumstances  tbe  formulas  I  bavc 
given  will  be  found  very  convenient. 

Columbia  College,  New  York.  1891  JIfarcb  30. 


COMET  a  189L 

Professor  IIoi.dkn  telegraiilied,  Marcb  30,  tbe  discovery  of  a  comet  by   Haicnai;i>: 

1891  March  29.695  Gr.  M.T.  •(  =   1"  0'"  »',  S  =   +44°  18'. 

It  is  descril)ed   as    of   about   10",  less    than    1'  in  diameter,  with  a    tolerably  well-defined  nucleus,  and    a  tail  less 
than   .'!()'  long.       Daily   motion.    1°  southward. 

Oil  Marcli31,  a  dispatdi  from    Kiel   ;iiinouuced    tbe    discovery  at  Bristol   (probably  by  Mr.  Dk.nnin'  >  •> 
i-oiiict  ill  tiie  position  :  — 

Marcli  30.417  Gr.  M.T.         u  =  0''  5C"'  0',         .1  =   +43'  0'.  Paily   motion.   1°  10'  soutb\v:ini. 

Tliose  two  observations  probably  refer  to  the  same  object. 


i„i.Tl,t 
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A  telegiiun  from   Lick  ObHcrvatoiT,  received  April  4,  gives  an  orliit  comiiuted  l)y  Prof.  SciiAiciiEiti.E  :  — 

Er.EMKNTS. 

r  =  1871  April  27.67  Greeiiw.  M.T. 
o)  =   184°  31' 
Si  =  194    24 
(■  =  120    30 
cj  —  0.3644 


Kpiikmkris. 

(Jr.  M'ulniulit 

A  pp.  u 

A  pp.  a 

Urii,'litiiess 

1891  April    2 

1     11    2H 

+  40  48 

1.14 

G 

21    10 

36  3.i 

10 

29  23 

32   17 

M 

1   3G  24 

+  27  48 

2.13 

NEW   ASTEROID. 

An  asteroid  was  discovered  liv  KoititKi.i.Y  at  Marseilles,  in  the  position  :  — 
1891  March  31.4436  Gr.  M.T.       a  =  12"  24"'  49'.3,       A  =   —1°  5.5'  32".        Daily  motion,  —40'  in  u,  and  .5'  northward. 
This  wouhl  appear  to  be  no.  309.     The  magnitude  is  not  telegraphed. 


NEW  ASTRONOMICAL  WORK. 


Catalogue  of  the  Crawford  Library  of  the  lloyal  Obsei-vatory,  Edin- 
burgh.    Kciinb.  1890,  pp.  497.     4to.' 

A  luxuriously  printed  volume,  coutaiiiios  a  full  catalojiue  of  the 
contents  of  the  library  of  Diiuecht  Ohservatory,  presented  in  1888  to 
the  Royal  Observatory  of  Edinburfrli  by  the  Earl  of  Crawfokd  — 
prepared  by  the  present  Astronomer  Koyal  for  Scotland,  Mr.  Copf.- 

I.AXD. 

The  orisinal  nucleus  of  this  library  was  formed  by  that  of  the 
late  Mr.  Babbaoe,  aud  this  was  enlarged  by  the  acquisition  of 
other  worlvs  in  astronomy,  mathematics  and  physics,  —  some  of 
them  beiuii  extremely  rare.  To  these  have  been  added  numer- 
ous publications  of  more  recent  years,  so  that  the  present  cata- 
logue forms  a  valuable  contribution  to  astronomical  bibliography. 
The  number  of  rare  and  valuable  books,  whose  titles  attract  the 
eye,  even  ui)on  a  superficial  glance  through  the  pages,  is  great. 


The  geueral  arrangement  is  alphabetic,  according  to  the  names  of 
authors,  but  special  headings  have  been  introduced  for  nearly 
twenty  subjects,  to  facilitate  reference.  Such,  for  instance,  are 
Academies,  Comets,  Ephemerides,  Observatories,  Transits  of  Mer- 
cury and  of  Venus,  etc.  The  number  of  treatises  on  Comets,  both 
general  and  special,  is  notably  large;  and  these  have  evidently  been 
classified  with  extreme  care. 

Throughout  tlie  catalogue,  minute  attention  has  been  paid  to  the 
description  of  the  several  works.  Tlie  titles  are  reproduced  in  full, 
and,  in  some  cases,  with  additional  details.  The  full  names  of 
authors  arc  given,  whenever  .icccssible;  and  not  merely  the  place 
aud  year  of  publication,  the  size,  the  number  of  pages,  but  also  the 
number  of  plates  and  maps  in  each  volume,  as  well  as  that  of  the 
volumes  or  part  belonging  to  each  work,  although  all  of  them  may 
not  be  contained  in  the  librarv. 


ADVERTISEMENT. 

A  volume  of  the  Astronomical  Journal  consists  of  tweutj-four  numbers,  with  table  of  contents  and  alphabetical  index. 
Tiie  price  of  subscription  is  S5.00,  payable  in  advance,  to  which  is  to  be  added  the  expense  of  postage,  when  the  address 
is  to  countries  not  in  the  international  postal  union. 

Some  copies  of  earlier  volumes  are  still  remaining,  and  all,  excepting  the  first  three,  may  be  obtained  at  the  same  price. 
Single  numbers,  when  available,  will  be  furnished  at  SO. 2.5  each,  but  only  for  the  purpose  of  completing  sets. 

No  discount  is  made  to  booksellers  ;  but  remittances  can  be  conveniently  sent  by  postal  money-order  to  the  I^ditor,  at 
Cambridge,  JLassachusetts.  If  made  by  checks,  it  is  requested  that  these  be  drawn  upon  some  bank  in  the  New  Endand 
States,  or  in  the  cities  of  New  York,  Philadelphia,  AYashington  or  Chicago. 


CORRIGENDA. 


No.  238,  p.  170,  col.  2,  line  5  in  numerator    for     C — C2  put     Ci — Co. 

p.  172,  col.  1,  lines  6  and  7  from  below,  the  whole  of  the  formula  after  i  A  is  to  be  inclosed  in  parentheses, 
p.  172,  col.  2,  Hue  6  from  below,  after  the  word  "  positive,,"     add     "  in  the  Northern  hemisphere." 


C  0  N  T  E  N  'J-  S  . 
SoiTHERx  Variable  Staes  Observed  ix  1889  and  1890,  by  Rev.  John  G.  Hagen. 
On  the  Rigohous  Computation  oe  Difeerential  Refraction,  by  Mu.  S.  C.  Chandler. 
Obser\t2d'  Maxlma  and  Minima  of  Variable  Stars,  1890-1891,  by  Mr.  Paul  S.  Yendell. 
Ephemeris  of  A'^ariables  of  the  Algol-Type. 

Note  on  Zenith-Telescope  StaK-Cokubctions,  by  Mr.  Harold  Jacoby. 
Comet  a  1891. 
New  Asteroid. 
New  Astronomical  Work. 
A  D  vertisement. 
Corrigenda. 
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NO.  24. 


OX  THE  RECTIFICATION  OF  CHRONOLOGY  BY  MEANS  OF  ANCIENT  ECLIPSES, 

By  JOHN  N.  STOCKWELL. 
lu    Nos.    220-1    of  this  Journal  I  have  employed  a 


1. 

uumber  of  well-authenticated  ancient  eclipses  of  the  sun  for 
the  purpose  of  correcting  the  elements  of  the  moon's  mo- 
tion ;  and  have  then  used  these  corrected  elements  in  the 
discussion  of  the  traditions  concerning  other  eclipses,  and 
have  found  a  remarkable  and  satisfactory  correspondence 
between  the  calculated  and  recorded  phenomena.  This 
agreement  between  calculation  and  observation,  extending 
over  a  period  of  more  than  three  thousand  years,  seems  to 
justify  the  belief  that  we  may  now  place  implicit  confidence 
in  the  general  correctness  of  the  theory  of  the  lunar  motions  ; 
and  that  we  may  safely  employ  this  corrected  theory  in  the 
discussion  of  lunar  phenomena  during  any  period  of  time.  I 
now  propose  to  employ  this  theory  in  the  discussion  of  some 
historical  (piestions  in  which  the  place  of  the  moon  in  the 
heavens  enters  as  an  important  element. 

The  application  of  the  theory  of  eclipses  to  the  improve- 
ment of  chronology  is  not  new  ;  it  has  been  applied  witli 
more  or  less  success  ever  since  the  termination  of  the 
"  Dark  Ages"  in  Europe;  a  period  of  nearly  five  hundred 
years.  But  its  successful  application  requires  the  simulta- 
neous existence  of  the  two  lollowiiig  conditions  :  namely, 
Fii-Ht,  the  theory  of  eclipses  must  lie  in  such  a  state  of  "i)er- 
fection  that  any  eclipse  occurring  within  the  historical 
period  may  be  accurately  calculated  ;  and  secondly,  the  nar- 
ratives concerning  any  eclipse  must  be  given  with  sullicient 
fullness  and  precision  to  enable  us  to  identify  an  observed 
eclipse  with  a  calculated  eclipse  for  the  same  date.  As 
already  observed,  we  have  reason  to  believe  that  we  are 
now  in  possession  of  the  first  re(iiiired  condition  ;  but  unfor- 
tunately, the  second  condition  cannot  be  said  to  exist  c\- 
ce|)t  in  comparatively  few  instances.  It  is,  of  course,  easy 
to  understand  why  the  narratives  concerning  celestial  phe- 
nomena occurring  in  remote  ages,  before  predictions  were 
possilile,  should  sometimes  be  extremely  meagre  or  wholly 
wanting.  The  meteorological  conditions  of  our  planet  are 
such  that  whole  continents  are  often  overcast  with  dense 
clouds  for  days  and  weeks  together.  And  if,  din-ing  one  of 
tliese  periods  of  obscuration,  a  total  eclipse  of  either  the  sun 
or  moon  were  to  take  place,  it  is  evident  that  there  would 


be  no  traditions  concerning  such  an  event.  It  is  therefore 
scarcely  to  be  wondered  that  the  narratives  concerning 
events  which  lia|)peued  in  a  remote  and  uncritical  age  should 
often  be  wanting  in  some  element  of  usefulness  ;  although 
they  seem  in  many  cases  to  be  unnecessarily  defective. 

But  it  sometimes  happens  that  a  succession  of  events 
occurs  in  such  a  manner  that  we  may  determine  their  chro- 
nology even  iji  the  case  where  the  lunar  tables  are  consider- 
ably erroneous,  and  fail  to  represent  any  one  of  the  events 
as  described  by  the  historian.  A  notable  example  of  this 
character  occurs  in  the  writings  of  Tuicydiijes.  That  his- 
torian relates  that  an  eclipse  of  the  sun  occurred  at  Athens 
during  the  summer  of  the  first  year  of  the  Peloponuesian 
war,  which  was  so  nearly  total  that  some  of  the  sUirs  were 
visible.  He  also  tells  us  that  there  was  another  eclipse  of 
the  sun  at  the  very  beginning  of  the  summer  of  the  eighth 
year  of  the  war,  and  an  eclipse  of  the  moon  sometime  dur- 
ing the  nineteenth  year  of  the  war.  Now,  although  astron- 
omers have  never  been  able  to  find  an  eclipse  that  would 
accord  with  the  description  of  the  first  one  al>ove  mentioned,  as 
to  magnitude,  they  have  found  that  eclipses  occurred  in  the 
years  4:U,  J24  anil  413  B.C.,  which  were  visible  in  Greet-e 
and  which  accorded  sulliciently  well  with  the  historical  tra- 
ditions concerning  them,  as  to  justify  the  belief  that  the 
first  year  of  that  memorable  war  was -131  B.C.  And  hence 
that  date  has  been  universally  adopted  for  the  beginning  of 
that  war,  because  there  are  no  other  ycai-s  near  that  period 
of  time,  in  which  eclipses  visible  in  Greece  occurred  in  that 
order.  But  I  have  shown  in  a  former  iinniber  of  this  ./our- 
iio/,  that  my  corrected  elements  of  the  moon's  motion  give 
the  first  two  eclipses  recorded  by  Tiiiivkiuks,  magnitudes 
which  accord  well  with  the  description  of  the  historian.  But 
as  a  further  confirmation  of  the  correctness-  of  my  views  on 
this  subject,  1  have  since  compuled  the  eclipse  of  the  moon 
which  was  observed  at  Syracuse  in  Sicily,  on  llie  evening  of 
August  27,413  B.C.;  and  which  is  uientionetl  by  Tiiicv- 
luUKS  in  book  VII.  chapter  50.  of  his  history.  I  find  that 
the  eclipse  began  at  '.'''  0"',  was  total  at  lH"  22'",  ceased  to 
be  total  at  11''  12'",  and  ended  at  O*"  2S'"  the  nest  morning. 
These  numbers  denote  mean  time  at  Syracuse.     The  niai;ui- 
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tilde  of  the  eclipse  was  13.26  digits  ou  the  moon's  southern 
limb.  The  tiiree  eclipses  mentioned  by  TnucvninES  are 
therefore  completely  identified  ;  and  there  is  prol)ably  no 
event  of  ancient  times  whose  date  is  more  accurately  or 
firmly  established  than  that  of  the  Peloponnesian  war. 

Again,  Tiiucyi)II>1':s  informs  us  that  the  Persian  war  under 
Xkrxks  preceded  the  beginning  of  the  Peloponuesian  war 
by  fifty  years.  It  has,  however,  been  claimed  that 
Thucvdidks  was  merely  speaking  in  round  numbers  ;  and 
that  tlie  true  interval  might  be  a  year  or  two  more  or  less 
than  that  number.  But  it  seems  to  me  that  such  an  inter- 
pretation is  taking  unwarranted  license  witii  a  historian  so 
critically  precise  as  Tiiucydides.  For  Thucydides  specifies 
a  particular  eveut  of  the  war;  namely,  "the  retreat  of 
Xerxes  as  preceding  this  war  by  about  fifty  years  ;"  and  ac- 
cording to  my  former  computation  there  was  a  small  eclipse 
of  the  sun  at  Sardis  in  the  spriug  of  481  B.C.,  agreeing  with 
the  statement  of  Aristioes  concerning  the  time  when 
Xerxes  was  in  the  region  of  the  Hellespont  at  the  beginning 
of  that  memorable  war.  This  would  make  the  number  of 
years  exact ;  and  Thvcydides  could  not  have  been  more 
precise  in  his  statement  unless  he  had  given  the  interval  in 
years,  moutlis  and  days.  It  therefore  seems  to  me  that  we 
are  fully  justified  in  dating  the  Persian  war  as  481  B.C., 
which  is  one  year  earlier  thau  the  date  usually  assigned  to 
that  event. 

Moreover,  Herodotus  informs  us  that  the  Persians  found 
the  Greeks  celebrating  the  Olympic  games  ou  their  arrival 
iu  Greece  ;  and  as  these  festivals  occurred  only  at  intervals 
of  four  years,  they  must  have  then  beeu  celebrating  the  7oth 
01ymi)iad.  The  first  Olympic  festival  must  therefore  have 
taken  pl.ice  in  the  year  777  B.C.  instead  of  776  B.C.,  as 
usually  given  ;  and  this  agrees  with  the  statement  of  the 
chronologer  Sextus  Julius  Africanus,  who  tells  us  that  the 
Olympic  festivals  were  celebrated  in  the  bissextile  years  of 
the  Julian  calendar. 

2.  I  shall  now  consider  the  circumstances  connected 
with  the  death  of  Augustus  Caesar.  It  is  well  known  that 
the  death  of  Augustus  was  followed  by  a  formidable  sedi- 
tion of  three  Roman  Legions  in  the  province  of  Pannonia; 
and  that  this  sedition  was  suppressed  mainly  througli  the 
influence  of  an  eclipse  of  the  moon  upon  the  superstitious 
Roman  soldiery.  The  circumstances  attending  the  sedition 
and  its  suppression  are  given  in  the  first  book  of  the  "An- 
nals" of  Tacitus  ;  and  on  account  of  the  great  importance 
of  this  event  in  chronology,  I  here  reproduce  nearly  the 
whole  of  his  account  of  the  eclipse  and  its  attendant  inci- 
dents.    It  is  as  follows  : 

Annals,  I,  28.  "The  followiug  uight  liad  a  threatening  aspect, 
aud  seemed  likely  to  give  birth  to  some  impious  deed;  it  was  made 
to  pass  oft' tranquilly  by  a  mere  accident.  The  moon,  in  the  midst 
of  a  clear  sky,  became  suddenly  eclipsed ;  the  soldiers,  who  were 
ignorant  of  the  cause,  took  this  for  an  omen  referring  to  their 
present  adventures;  to  their  own  labors  they  compared  the  eclipse 


of  the  planet,  and  prophesied,  '  that,  if  to  the  distressed  goddess 
should  be  restored  her  wonted  brightness  and  splendor,  equally 
successful  would  be  the  issue  of  these  their  struggles ; '  hence  they 
made  a  loud  noise,  by  ringing  upon  brazen  niotal,  and  by  blowing 
trumpets  and  cornets;  as  she  appeared  brighter  or  darker,  they  ex- 
ulted or  lamented;  bnt  when  gathering  clouds  had  obstructed  their 
sight,  and  it  was  believed  that  she  was  now  buried  in  darkness, 
then  (for  minds  once  dismayed  are  prone  to  superstition)  they  be- 
wailed '  their  own  eternal  suflerings  thus  portended,  and  that  the 
gods  viewed  their  daring  deeds  with  aversion.'  Duusus,  who 
thought  itliehoved  him  to  improve  this  turn  in  their  minds  and  to 
convert  to  tlie  ends  of  wisdom  what  chance  had  presented,  ordered 
certain  persons  to  go  around  from  tent  to  tent.  For  this  purpose, 
he  summoned  the  centurion  Ci.kmrss,  and  whoever  else  were  for 
their  good  qualities  acceptable  to  the  multitude.  These  insinuated 
themselves  everywhere,  and  mixed  with  those  who  kept  the  night 
watch,  the  pickets,  and  sentinels  at  the  gates,  cheering  their  hopes 
or  alarming  their  fears.  .  .  .  These  reasonings  alarmed  them, 
and  tilled  them  with  nuitiial  jealousies;  they  separated  the  younger 
soldiers  from  the  veterans,  aud  one  legion  from  another;  then  by 
degrees,  returned  the  love  of  duty  and  obedience.  They  relin- 
quished the  guard  of  the  gates ;  and  the  standards,  which  in  the 
beginning  of  the  tumult  they  had  thrown  together,  they  now 
restored  each  to  its  distinct  station.  Drusus,  as  soon  as  it  was 
day,  summoned  an  assembly  of  the  soldiers.     .     .     ." 

Augustus  is  said  to  have  died  on  the  nineteenth  of  the 
August  preceding  the  date  of  the  eclipse  which  terminated 
the  sedition  ;  aud  was  immediately  succeederf  by  Tiberius  ; 
and  the  eclipse  itself  is  generally  supposed  to  have  occurred 
on  the  twenty-seventh  of  September  in  the  year  14  A.D. 
The  question  of  the  correct  identification  of  the  preceding 
eclipse  is  therefore  an  important  one. 

Had  the  historian  stated  the  time  of  night  at  which  the 
eclipse  occurred,  it  would  have  been  an  important  element 
in  the  question  of  its  identification.  But  since  he  has 
omitted  to  state  the  time  of  its  occurrence,  we  are  obliged 
to  draw  an  inference  as  to  that  fact  from  the  sequence  of 
events  which  took  place  during  its  continuance  and  after  its 
termination  ;  aud  it  seems  very  obvious,  and  almost  certain, 
that  the  eclipse  occurred  early  iu  the  evening  rather  than 
late  in  the  morning  ;  for  the  historian  tells  us  that  ou  the  re- 
turn of  day  Drusus  summoned  an  assembly  of  the  soldiers. 

Now  there  was  a  total  eclipse  of  the  moon  on  the  morning 
of  September  27  in  the  year  14  A.D.  ;  but  it  took  place  at 
so  late  an  hour  that  it  seems  very  improbable  that  it  could 
be  the  one  referred  to  by  the  historian.  According  to  my 
computation  it  commenced  at  4''  42'",  was  total  at  o*"  40"", 
ceased  to  be  total  at  7''  19™,  and  ended  at  8''  17™  mean 
time  in  Pannonia.  The  middle  of  the  eclipse  therefore  took 
place  at  6''  SO"" ;  but  the  sun  rose  at  5''  42™ ;  aud  since  the 
moon  had  not  quite  reached  its  opposition  with  the  sun,  it 
must  have  set  before  the  sun  rose.  Moreover,  twilight  be- 
gan at  that  date,  in  Pannonia,  at  4*'  20™  in  the  morning, 
which  is  22  minutes  before  the  beginning  of  the  eclipse ;  and 
day  itself  had  returned  before  the  eclipse  became  total.  The 
whole  of  the  eclipse  in  Pannonia  therefore  took  place  during 
the  morning  twilight,  aud  could  not,  it  seems  to  me,  have 
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inspired  a  feeling  of  dread  iu  the  seditious  soldiery.  It 
tlieiefore  seems  impossible  that  llie  eclipse  of  A.D.  14  could 
be  the  oue  described  by  the  historian. 

On  the  other  hand  there  was  an  eclipse  of  the  niooa  on 
October  7,  A.D.  13,  which  seems  to  correspond  well  with 
the  cii'cumstances  narrated  by  the  historian.  According  to 
my  computation  it  commenced  at  7''  35'"  and  ended  at 
9''  33™,  Pannonia  mean  time.  Its  duration  was  therefore 
nearly  two  hours ;  but  it  was  only  partially  eclipsed,  its 
greatest  magnitude  being  only  about  3^  digits  on  the  moon's 
northern  limb.  The  smallness  of  this  eclipse  has  been 
urged  by  historians  as  au  argument  against  its  being  the  one 
that  occurred  during  the  sedition  ;  it  being  claimed  that  an 
eclipse  of  less  than  one-third  of  the  moon's  disk  would  not 
be  sufficient  to  inspire  a  feeling  of  dread  iu  the  seditious 
soldiers.  But  I  imagine  that  it  was  the  gradual  darkening  of 
tlie  moon's  face,  by  the  earth's  shadow,  iu  conjunction  with 
tlie  clouds  spoken  of  by  Tacitus,  rather  than  the  greatuess  of 
tiie  obscuration,  that  caused  the  various  phases  of  astonish- 
ment, vague  fear  and  superstitious  dread  of  some  impending 
calamity  ;  and  stimulated  the  wavering  sense  of  duty  and 
loyalty  in  the  minds  of  the  seditious  soldiery.  For  since 
the  cause  of  the  eclipse  was  unknown  to  the  multitude,  it 
could  readily  be  attributed  to  the  displeasure  of  some 
offended  deity ;  and  when  at  length  the  shadow  had  begun 
to  pass  away,  it  might  also  be  au  assurance  that  the  same 
deity  had  been  reconciled  by  returning  loyalty  and  obedi- 
ence. Besides,  I  am  not  certain  that  an  obscuration  of  one- 
third  of  the  moon's  face  during  the  darkness  of  night  would 
be  more  awe-iuspiring  than  a  total  obscuration  a  few  min- 
utes before  sunrise. 

•There  is  also  another  argument  in  favor  of  the  eclipse  of 
A.D.  13  being  the  oue  referred  to  by  the  historiau  ;  and  that 
is,  the  greater  interval  of  time  between  the  death  of  Augds- 
xns  and  the  eclipse  iu  (luestiou.  For  if  it  took  place  in  A.D. 
14,  there  would  have  been  au  interval  of  only  thirty-^ight 
days  between  the  two  events  ;  but  if  it  occurred  iu  A.D.  13, 
lliL're  would  have  been  au  interval  of  forty-nine  days.  And 
it  is  claimed  by  some  historians  that  the  events  which  are 
recorded  as  having  takeu  place  between  the  death  of  Augus- 
tus, and  the  eclipse  could  not  well  have  been  performed  iu 
the  shorter  interval ;  but  the  argument  is  not  astronomical, 
:ind  need  not  be  elaborated  iu  this  place. 

It  therefore  seems  highly  probal)ie  that  the  death  of 
Augustus  took  place  in  the  year  A.D.  13,  instead  of  A.D. 
14,  as  has  been  geuerally  supposed. 

3.  As  a  second  example  in  which  eclipses  serve  to  throw 
strong  light  upon  chronological  questions,  we  may  observe 
that  Pliny  the  younger,  speaks  of  an  eclipse  of  the  sun  and 
anotiier  of  the  moon  within  fifteen  days  of  each  other,  during 
tiie  third  year  of  the  reign  of  Vksi'ASIan.  According  to  the 
commentators  this  has  been  assigned  to  the  year  72  A.D. 
Now  it  is  no  uncommon  occurrence  for  eclipses  to  happen  in 
tiie  order  mentioned.     In  fact,  in  the  year  72  A.D.,  there 


were  four  sets  of  such  eclipses,  which  took  place  as  follows  : 
The  sun  was  eclipsed  Feb.  7,  the  moon,  Feb.  22,  and  the 
sun  ngaiu  on  March  8  ;  also  the  sun  was  eclipsed  on  Aug. 
2,  the  moon  on  Aug.  17,  and  the  sun  again  on  Sept.  1.  But 
unfortunately  for  the  hypothesis,  none  of  these  eclipses  were 
visible  in  Italy  or  F^urope.  In  the  year  71  A.D.,  however, 
there  was  an  eclipse  of  the  moon  on  March  4,  and  one  of 
the  sun  on  March  20,  both  of  which  were  visible  at  Rome. 
For  the  moon  was  eclipsed  five  and  one-fourth  digits  at  S"* 
23'"  at  Rome  on  the  evening  of  March  4  ;  and  the  sun  was 
almost  totally  eclipsed  at  ll""  0"'  on  the  morning  of  Slarch 
20.  The  year  71  A.D.  was  therefore  tlie  third  of  Ves- 
pasian's reign  ;  and  since  it  commenced  on  July  1 ,  three 
full  years  would  have  been  completed  on  July  1,  A.D.  71. 
It  therefore  follows  that  his  reign  commenced  July  1, 
A.D.  68,  instead  of  69  ;  and  since,  according  to  Josei-hls, 
the  city  of  Jerusalem  was  taken  in  the  second  year  of  Ves- 
pasian, on  the  eighth  day  of  the  month  Gorpiaeus  (Elul),  it 
follows  that  it  was  taken  and  destroyed  iu  the  summer  of 
69  A.D.  instead  of  70  A.D.,  as  stated  by  modern  historians. 
The  three  eclipses  which  I  have  already  discussed,  strongly 
indicate  that  the  dates  of  events  which  transpired  during  the 
early  years  of  the  empire  should  be  carried  backward  by  one 
year.  But  there  is  one  other  event  which  throws  additional 
light  on  the  subject. 

4.  The  author  of  the  history  of  Caesar's  War  iu  .'^paiu, 
states  that  on  the  third  day  before  the  nones  of  March,  or, 
according  to  our  reckoning,  the  fifth  of  March,  occurred  the 
battle  of  Soricia  ;  that  on  the  same  day  Pomp ev  removed 
his  camp  to  an  olive  grove  over  against  Hispalis,  and  was 
followed  by  Caesar  ;  but  that  before  Caesak  had  commenced 
his  march  the  moon  had  risen  about  midnight.  The  dale 
assigned  by  historians  for  the  war  in  Spain  is  45  B.C.  ;  but 
in  45  B.C.  there  was  a  new  moon  on  March  1,  and  It  would 
be  less  than  five  days  old  on  March  5  ;  it  could  not  possibly 
have  risen  about  midnight  at  that  date.  But  in  the  year  46 
B.C.  there  was  a  new  moon  on  March  12  ;  and  on  March  5 
it  would  have  been  about  the  last  quarter,  and  consequently 
would  have  risen  about  midnight.  The  Spanish  war  there- 
fore occurred  iu  46  B.C.  instead  of  45  B.C.  ;  and  the  four 
astronomical  events  recorded  by  historians  (irove  conclu- 
sively that  the  early  dates  of  the  Roman  Kuipirc  should  be 
placed  one  year  earlier  in  chronology. 

5.  Again,  Joseimics  informs  us  that  there  was  an  eclipse 
of  the  moon,  visible  at  Jerusalem  a  short  time  before  the 
death  of  IIerou  the  Great;  and  on  account  of  the  import- 
ance of  this  eclipse  in  Biblical  history  and  the  early  history 
of  Christianity  1  have  comi)iited  all  the  ecli|i8es  of  the  moon 
that  were  visible  at  Jerusalem  during  the  first  five  years 
preceding  the  Christian  Era.     They  are  as  follows : 

The  first  occurred  B.C.  5,  March  23,  comineucing  at 
7"  26'",  and  ending  at  1 1"  8'"  iu  the  evening.  The  middle 
of  the  eclipse  occurred  at  9"  17'°,  and  it  was  totally  eclipsed 
duriii"  oue  hour  and  forty  minulcs. 
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Tlie  second  eclipse  occiined  B.C.  ."i,  Septeinl)er  15  ;  com- 
mencing at  y*  40'"  and  ending  at  l*"  H""  in  tlie  morning 
of  Sei)teml)er  16.  The  middle  of  tlie  eclijisc  was  at  11''  27'" 
in  tlie  evening  ;  and  it  was  totally  eclipsed  during  one  hour 
and  thirty-six  minutes. 

The  third  eclipse  occurred  B.C.  4,  March  l.*?  ;  commenc- 
ing at  1''  45"'  and  ending  at  4''  10'"  in  the  morning.  The 
middle  of  the  eclipse  was  at  S""  58"> ;  but  the  eclipse  was 
only  partial,  having  a  magnitude  of  a  little  more  than  fovr 
digits,  on  the  moon's  northern  liinh. 

The  fourth  eclipse  occurred  B.C.  1,  January  10,  com- 
mencing at  0''  31"  and  ending  at  4''  2'"  in  the  morning.  The 
middle  of  the  eclipse  was  at  2'"  17"',  and  it  was  totally 
eclipsed  during  one  hour  and  thirty-six  minutes. 

The  fifth  eclipse  occurred  B.C.  1,  January  29  ;  commenc- 
img  at  4''  50'"  and  ending  at  7"  16""  in  the  evening.  The 
middle  of  the  eclipse  was  at  6''  3'"  ;  and  it  was  only  partial, 
having  a  magnitude  of  a  little  more  than  six  digits  on  the 
moon's  northern  limb.  These  are  the  only  eclipses  that 
were  visible  at  Jerusalem  during  the  first  five  years  preced- 
ing the  Christian  Era.  The  hours  and  minutes  given  are  in 
local  mean  time  at  Jerusalem. 

Some  difficulty  has  been  found  in  reconciling  the  histori- 
cal statements  of  Josephus  in  regard  to  the  death  of  Hekod 
the  Great,  with  the  statements  of  Maithew  and  Luke  con- 
cerning the  same  event,  in  the  New  Testament.  For  exam- 
ple, JosEPUis  tells  us  that  Jerusalem  was  taken  by  Pompet 
during  the  consulship  of  Cicero  and  Antont,  which  is 
supposed  to  have  been  in  the  year  63  B.C.  ;  and  that  it  was 
captured  again  by  Herod  and  Sosics  twenty-seven  years 
later,  which  would  be  in  36  B.C.  ;  and  also  that  Herod  was 
king  of  the  Jews  thirty-four  years  after  the  taking  of  Jeru- 
salem, when  he  died.  Therefore  according  to  Josephcs, 
Herod  died  in  the  year  2  B.C.  Now  Matthew  states  that 
Christ  was  born  while  Herod  was  kiugof  the  Jews  ;  therefore 
Christ  was  born  before  2  B.C.  Luke  informs  us  that  Christ 
"began  to  be  about  thirty  years  old"  during  the  fifteeuth 
year  of  the  reign  of  Tiberius.  We  have  already  found  that 
the  reign  of  Tiberius  commenced  in  August  A. D.  13;  and 
consequently  the  fifteenth  year  of  his  reign  would  commence 
in  August  A.D.  27.  Luke's  statement  is  too  indefinite  to 
predicate  an  argument  upon  ;  but  if  we  assume  that  Christ 
was  thirty  years  old  at  the  commencement  of  Tiberius'  reign 
it  would  follow  that  he  was  born  as  early  as  August  iu  the 
year  4  B.C. 

It  has  very  generally  been  supposed  that  the  eclipse  of 
the  moon  which  preceded  the  death  of  Herod  took  place 
March  13,  B.C.  4.  But  his  death  occurred  a  short  time  be- 
fore the  Jewish  feast  of  the  "  Passover  ;"  which  must  have 
been  celebrated  at  the  next  full  moon,  wliich  occurred  on 
April  11,  only  a  month  later  than  the  eclipse  itself.  If  this 
is  the  correct  eclipse,  Herod  must  have  died  early  in  the 
year  B.C.  4,  whereas  we  have  seen  that  according  to  other 
arguments,  he  died  in  B.C.  2.     But  historians  have  main- 


tained with  a  good  <leal  of  plau.sibility  that  the  interval  of 
time  between  that  eclipse  ami  the  Passover  of  the  same 
year  was  much  too  short  for  all  the  events  narrated  by  Jo- 
sephus to  have  taken  place ;  and  as  there  was  no  other 
eclipse  visible  at  Jerusalem  until  January  10,  B.C.  1,  it  lias 
been  a  matter  of  great  ditliculty  to  find  an  eclipse  that  will 
satisfy  all  the  historical  conditions.  Messrs.  Hind  and 
Johnson  have  concluded  that  the  eclipse  of  January  10, 
B.C.  I,  best  satisfies  the  required  conditions;  but  in  form- 
ing this  conclusion,  it  seems  to  me  they  have  ignored  all  the 
historical  statements  concerning  the  events  as  related  by 
JosEPnus,  who  is  the  principal  authority  in  the  whole  mat- 
ter. For  Josephus  very  plainly  states  that  Herod  captured 
the  city  twenty-seven  years  after  Pompey,  and  reigned 
thirty-four  years,  when  he  died.  Therefore  Hekod  died 
sixty-one  years  after  the  taking  of  Jerusalem  by  Pompev  ; 
and  since  it  is  generally  admitted  that  Pompev  captured 
Jerusalem  as  early  as  the  year  63  B.C.,  it  follows  that 
Hekod  must  have  died  as  early  as  the  year  2  B.C.  Besides, 
the  eclipse  happened  before  the  death  of  Herod  ;  and  it 
therefore  seems  certain  that  we  cannot  accept  the  eclipse  of 
B.C.  1  as  the  correct  one,  without  doing  violence  to  the 
statements  of  the  historian. 

But  Josephus  also  tells  us  that  the  capture  of  Jerusalem 
by  Pompev  was  in  the  one  hundred  and  seventy-ninth 
olympiad,  and  that  it  was  captured  by  Herod  in  the  one 
hundred  and  eighty-fifth  olympiad.  Now  since  an  olympiad 
is  a  period  of  four  years,  there  might  be  some  doubt  as  to 
the  interval  between  the  two  dates,  since  he  has  not  told  us 
the  particular  year  of  each  olympiad  when  the  events  took 
place.  Bui  he  has  supplied  this  omission  by  stating  that 
the  interval  was  precisely  twenty-seven  years  ;  and  it  there- 
fore follows  that  it  was  captured  by  Pompey  in  the  firM 
year  of  the  one  hundred  and  seventy-ninth  olympiad,  and 
by  Herod  iu  the/o(fr//(  year  of  the  one  hundred  and  eighty- 
fiftirolympiad. 

If  we  now  assume  that  the  era  of  the  olympiads  com- 
menced in  B.C.  777  —  as  I  have  already  given  reasons  for 
believing  —  the  first  year  of  the  one  hundred  and  seventy- 
ninth  olympiad  would  be  the  year  65  B.C.  ;  and  since 
Hekod  died  sixty-one  years  later,  he  must  have  died  in  the 
year  4  B.C.  If  this  belief  is  well  founded,  the  eclipse  of 
September  15,  B.C.  5,  which  occurred  seven  months  before 
the  Passover  of  B.C.  4,  would  satisfy  all  the  historical  cir- 
cumstances connected  with  the  event ;  and  I  do  not  hesitate 
to  believe  that  that  eclipse  is  really  the  one  referred  to  by 
the  historian. 

6.  The  events  already  narrated  nearly  all  occurred  after 
the  reformation  of  the  calendar  by  Julius  Caesar,  which 
took  place  in  the  year  47  B.C.  ;  and  are  therefore  free 
from  any  uncertainty  arising  from  the  confusion  of  dates  in- 
cident to  previous  Roman  reckoning.  But  in  the  study  of 
the  chronology  of  the  earlier  Roman  history,  we  are  obliged, 
not  only  to  identify  an  eclipse,  but  also  to  rectify  the  calen- 
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dar  itself,  to  which  the  eclipse  is  referred  ;  and  that  is  a  mat- 
ter of  some  difficulty,  because  the  ancient  Roman  calendar 
was  left  in  great  measure  to  the  care  and  discretion  of 
Roman  officials,  and  was  therefore  sul)ject  to  sudden  and 
capricious  changes.  I  shall  therefore  consider  only  two 
cases,  and  these  will  be  the  two  eclipses  which  are  men- 
tioned by  the  historian  Livy. 

The  first  of  these  was  an  eclipse  of  the  sun,  which  oc- 
curred during  the  celebration  of-the  Apollinarian  games,  and 
Livy's  account  of  it  is  as  follows,  XXXVII.  4  : 

"At  the  time  in  which  the  consul  set  out  to  the  war  (lurin<t  the 
celebration  of  tlie  Apollinarian  jjamos,  on  the  fifth  day  before  the 
ides  of  Quiutilis  (July  llj,  though  the  sky  was  serene,  the  light 
was  obscured  in  the  middle  of  the  day,  when  the  moon  passed  be- 
neath the  orb  of  the  sun." 

Mr.  W.  T.  Lynn  iu  the  Observatory  for  May,  1888,  desig- 
nates "  the  fifth  day  before  the  ides  of  Quiutilis"  as  June 
10;  and  refers  the  eclipse  to  the  year  B.C.  190,  March  14. 
Therefore,  according  to  Mr.  Lynn,  the  Roman  calendar  was 
then  eighty -£ight  days  in  error.  But,  according  to  Roman 
law  at  that  time,  the  celebration  of  the  games  commenced 
on  the  sixth  of  July  and  continued  several  days  ;  so  that 
if  the  eclipse  to  which  he  refers  actually  took  place  on 
March  14,  the  calendar  must  have  been  in  error  by  one  hun- 
dred and  nineteen  days.  Now  I  find  that  there  was  an 
eclipse  of  the  sun  which  was  total  at  Rome  at  8''  43"'  in  the 
morning  of  March  14  ;  but  the  time  of  year  at  which  it  oc- 
curred is  so  very  different  from  that  assigned  by  the  histo- 
rian, and  also  imi)lies  so  great  confusion  in  tiie  calendar, 
that  it  may  be  considered  as  somewhat  doubtful  that  the 
eclipse  has  been  correctly  identified.  But  there  was  another 
eclipse  at  Rome  on  July  17,  188  B.C.;  and  this  has  also 
been  considered  as  the  one  referred  to  by  Livv.  Now  I  find 
by  calculation  that  the  sun  was  very  nearly  totally  (11  dig- 
its) eclipsed  at  Rome  on  July  17,  at  7''  14'"  in  the  morning  ; 
and  as  this  agrees  well  with  the  statement  of  the  historian, 
and  also  implies  much  less  confusion  in  the  calendar  at  that 
time,  it  seems  to  me  that  we  are  justified  in  regarding  it  as 
the  one  to  which  the  historian  refers.  If  this  inference  is 
correct,  it  follows  that  the  calendar  was  at  that  time  only 
six  days  in  error,  instead  of  one  hundred  txnd  nineteen  days, 
as  in  the  former  case. 

As  a  last  example  I  shall  consider  the  eclipse  that  oc- 
curred on  the  eve  of  the  battle  of  Pydna.  Livv  mentions 
that  the  eclipse  was  foretold  to  the  Roman  legions  by  Suli'i- 
cius  Gali.us,  in  onler  to  prevent  the  alarm  that  would 
doubtless  be  insi)ired  by  its  unexpected  occurrence ;  and 
Pi.UTAUCH  thus  relates  the  circumstances  attending  its  devel- 
opment : 

Aemilius  Paiilus,  17,  :!.  "  When  tlio  army  hiid  supped,  and  wero 
thinking  of  nolliing  but  going  to  rest,  on  a  sudden,  the  moon,  which 
was  tlicu  full,  and  very  high,  began  to  be  darkened,  and  after 
changing  into  various  colors,  was  at  lougth  totally  eclipsed." 

The  Romans,  upon  this,  made  a  noise  with  brazen  ves- 


sels, and  held  up  lighted  torches  in  the  air  to  recover  the 
moon's  light,  but  the  Macedonians  were  seized  with  terror. 

Two  dates  have  been  assigned  for  this  eclipse.  The  gen- 
erally accepted  date  is  B.C.  168;  but  Mr.  Johnson  consid- 
ers that  the  more  probable  date  was  B.C.  167.  I  have 
therefore  computed  the  two  eclipses  which  took  place  in 
those  years.  In  168  B.C.  there  was  an  eclipse  of  the  moon 
June  21,  commencing  at  6''  10""  and  ending  at  9''  ol", 
Pydna  mean  time.  The  middle  of  the  eclipse  was  therefore 
at  8''  0'",  and  the  eclipse  was  total  during  one  honr  and  six- 
teen minutes.  The  sun  set  at  Pydna  at  that  date  at  7"'  25'", 
and  there  must  have  been  considerable  twilight  for  nearly 
an  hour  after  sunset,  and  totality  unist  have  ceased  before 
twilight  ended.  The  moon  therefore  rose  totally  eclipsed  ; 
and  this  circumstance  does  not  seem  to  accord  very  well 
with  the  tiadition  concerning  it. 

In  tiie  year  167  B.C.  there  was  an  eclipse  of  the  moon 
June  12,  commencing  at  l*"  13"'  and  ending  at  4''  30"°  in  the 
morning.  The  middle  of  the  eclipse  was  therefore  at 
2''  .")r';  and  it  was  totally  eclipsed  during  twelve  minutes. 
This  eclipse  would  therefore  seem  to  accord  better  with  the 
description  of  the  historian  than  the  one  which  occurred  the 
year  before  :  and  it  therefore  seems  to  me  that  it  is  the  more 
probable  of  the  two.  The  calendar  date  of  the  eclipse,  ac- 
cording to  LiVY,  was  September  3  :  so  that  the  calendar  was 
then  in  error  by  either  seventy-four  days,  or  eighty-three 
days,  depending  on  the  eclipse  which  we  regard  as  the 
right  one. 

7.  We  may  therefore  summarize  the  more  important 
events  whose  chronology  will  be  changed,  if  my  investiga- 
tions are  correct,  as  follows  : 

First,  Jerusalem  was  destroyed  by  Tins  iu  the  year  69 
A.D.  instead  of  70  A.D. 

Second,  Augustus  died  in  August,  13  A.D.  instead  of  14 
A.D. 

Third,  The  last  year  of  confusion  in  the  Roman  calendar 
was  47  B.C.  instead  of  46  B.C. 

Fourth,  Caesau's  Spanish  War  was  in  the  years  47  and  46 
B.C. 

Fijih,  Caksau  was  assassinated  iu  March,  4.')  15. C.  in- 
stead of  44  B.C. 

Sixth,  Jerusalem  was  taken  by  Pomi-ky  in  6o  B.C..  and 
by  Hi:koi>  iu  38  B.C. 

Seventh,  Hei!oi»'s  eclipse  occurred  in  the  year  .'>  B.C.  Sep- 
tember l.i  ;  and  Hkkod  died  early  in  the  year  4  B.C. 

Eifjhth,  The  Persian  invasion  of  Greece  by  Xkkxks  oc- 
curred in  the  year  481  B.C.,  instead  of  480  B.C. ;  and 

Ninth.  The  Era  of  the  Olympiads  commenced  in  July, 
777  B.C.  instead  of  776  B.C. 

It  should  be  observed  in  this  ctmnection,  that  the  B.C. 
dates  here  given  are  those  of  ordinary  chronology,  instead 
of  astronomical  dates,  as  in  my  former  papers  ou  this  subjwt. 

Cleveland.  Ohio.  1891  April -2. 
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DISCOVERY  AND  OBSERVATIONS   OF  COMET  a  1891, 

By  K.  E.  BAUXAUD. 

in  the  haze,  it  was  not  possible  to  use  the  filar-iiiic-roineter, 
so  its  position  was  deteriiiiiied  with  a  riug-inicrometer.  None 
of  the  objects  were  favorably  situated  with  reference  to  the 
center  of  the  ring  for  accurate  observation. 

The  comet  is  decreasing  rapidly  in  l)rightncss.     On  Aiiril 
1,  it  had  lost  at  least  one-third  of  its  light  at  discovery. 


At  about  8''  March  29,  while  searching  for  comets  in  the 
northwest,  with  tiie  4-inch  liroken-tube  comet-seeker,  I  dis- 
covered a  small  faint  ucbulous  object,  which,  upon  examina- 
tion with  the  12-iuch,  proved  to  be  a  comet.  It  was  between 
the  tenth  and  eleventh  magnitudes,  and  had  a  faint  tail, 
some  10'  or  1;V  long,  with  occasionally  a  very  faint  nucleus. 
In  the  hurry  to  get  an  observation  before  the  comet  was  lost 

Ml.  Ilamillon,  1891  April  G. 
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*  Observations  of  March  29  with  ring-micrometer. 
Stars  —Paris  1427,     A  (■  —  +3'"  P. 43  (6),     J8  =  —5'  o7'.0  (2)'. 
April  1.     Comet   in  cloutls   near  horizon :   observation   clifBcult. 
The  declination  somewhat  uncertain. 


These  are,  perhaps,  the  last  observations  of  this  comet  that  will 
be  obtained  here,  as  a  spell  of  bad  weather  has  set  in,  and  the  comet 
is  Erettins;  too  near  the  sun. 


ISyi  Washington  M.T. 
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OBSERVATION   OF   COMET  a  1891,  iBARXAUD) 

made  at  the  u.s.  naval  obskkvatouy  with  the  9.6-ixch  bqu.^tokiai.. 

By  E.  FRISBY. 

[Communicated  by  the  Superintendent.] 
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NOTE   OX  PHOTOGRAPHIC  REFRACTIONS, 

By  HAUOLD  JACOBY. 


In  counection  with  Mr.  C'iiandlek's  note  in  A.J.  238  it 
may  be  well  to  observe  that  the  results  given  are  not  as 
accurate  as  stated.  For  instance,  if  we  assume  : 
<j>  =,50%  d  =  60%  C=  10%p=  235%  fj  =  180°,  s  =  3600", 
the  error  in  J  (a- — s)  of  Mr.  Chandler's  accurate  for- 
mula (2)  is  0".02,  while  the  "Square  of  the  refraction"  in 
this  instance  is  only  0". 000005.  Whether  such  errors  are 
allowable  is  a  matter  to  be  determined  in  each  particular 
case ;  but  it  should  be  remembered  that  they  will  be  syste- 
matic, and  may  thus  affect  the  mean  derived  from  many 
photographic  plates.  Moreover,  the  quantities  iii  question 
are  so  small,  that  it  would  probably  be  easy  to  find  an 
empirical  formula,  even  simpler  than  Mr.  Chandler's  form- 
ula, which  would  not  give  rise  to  very  appreciable  errors. 

Columbia  College,  New  York,  1891  March  26. 


Finally,  it  should  not  be  forgotten  that  k  itself  is  no  longer 
constant,  if  ^  be  greater  than  60°. 

Mr.  Chandler  also  refers  to  an  "  assum[ition  that  the  ex- 
posures are  instantaneous."  Now  it  is  clear  that  if  the 
observer  at  the  guide-telescope  is  careful,  the  image  of  some 
central  star  will  give  a  dot  on  the  plate.  Every  other  star- 
image  will  describe  a  little  curve,  owing  to  varying  refrac- 
tion. But  in  measuring  the  plate  under  the  microscope,  we 
hixect  the  star-curves  ;  which  is  equivalent  to  assuming  that 
the  length  of  the  curve  described  by  any  star-image  is  pro- 
portionate to  the  time  of  exposure.  This  assumption  neg- 
lects only  quantities  of  the  order  of  squares  of  the  refraction. 
No  terras  of  that  order  were  retained  in  my  article,  as  stated 
bv  Mr.  Chandler. 


THREE   HUNDRED   AND   TENTH  ASTEROID. 

A  telegram  from  Kiel,  received  April  8,  announces  the  discovery  of  an  asteroid  of  the  thirteenth  magnitude,  by  Palisa. 
The  position  was 
1891  April  6.3995  Gr.  M.T.  «  —  12''  41'"  16*. 4,     8  =  —6°  15'  54".         Daily  motion.  —56'  in  a,  and  4'  northward. 


Names  have  been  given,  as  follows,  to  recently  discovered  asteroids: 

29G  Phiietusa,  297  Cecilia,  298  Baptistina,  300  Geruldine, 


302  Clarissa. 


ELEMENTS   OF   COMET  a  1891,  (BAnyMW), 

Bv  WILLIAM  BELLAMY. 


T  =   1891  April  27.5370  Gr.  M.T. 


y  44"-) 

j    10   M^ 


9,  —  193    55    10    }■  1891.0 
i  =  120    31     23   ) 
log  q  =  9.598826 
Middle  place,     C— OJP.  cos(S     +1".2 
//ji  +2  .2 


Kqi'atouial  Coordinates. 

X  =  [9.987526]  rsin(y-f-  80°  41'  10") 
y  =  [9.435741]  J-sin(y+101  37  8) 
z  =  [9.995932]  >-sin(v+ 172    36     8) 

Computed  from  the  observations  at  Lick,  March  29  :  Cam- 
bridge, April  1  ;  and  Cambridge,  April  9. 


NEW   ASTRONOMICAL   WORKS. 


Annalen  dcr  Sternwarle  in  Leiden,  heraustiegeben  von  Dr.  U.  l!.  van 

de  Sandk  BAKHUY/.r-N,  DireMor  der  Slernwarte.     F'dnfler  Band, 

1890.     SecliDter  Band,  181)0. 

The  fourtli  vohniie  of  the  Annals  of  the  Leiilen  Observatory  con- 
taincil  the  tirst  lialf  of  the  ol)scrvatioiis,  nuule  under  the  direction 
of  Dr.  Bakiiiv/.kn,  in  llie  belt  from  :!o^  to  :!j' declination  for  the 
Srcat  catalogue  of  the  A.itron(imi.iclie  (,'rtiell.ichnl'l.  For  this  work, 
r.i'.l  zones  liad  l)een  ol)served  l)etweon  1870  Sept.  23  and  I8"a  May  2G, 
ami  the  resultant  positions  of  108'.)5  stars  were  given,  fully  reduced 
and  with  all  needful  detail. 

'I'his  tifth  voUnne  contains  the  results  for  the  remainder  of  the 
stars  included  in  the  proiiranune.  They  nrg  atVorded  by  21'.'  ad- 
ditional /.ones,  observed  between  1872  .Inite  1,  and  187('.  May  ;10,  and 
coMtainiiif,'  tlu'  mean  positions,  for  187.'>.0.  of  ',l',i.".l  stars, "touether 
with  the  details  of  the  observations  from  which  these  are  deduced. 

Thus  the  total  number  of  stars,  between  the  parallels  L".r  .'lU'  and 
3.">     10'  ol)s(rved  at  Leiden   for  the  A.G.  fatalomie  is  20:M;i;  and 


since  the  number  of  stars,  in  the  original  list  for  this  belt  wasalwut 
10  250, —  implying'  about  20  500  det-.-rndnatlons,  It  Is  not  prohnble 
that  many  more  than  150  ol)servations  are  wantini;.  The  ondtttnt 
stars  are,  according:  to  Dr.  Bakmiv/.kn,  distributed  tlirons;li  all 
hours  of  riiihl-ascension,  and  are  to  be  observed  when  the  e.s.senlial 
completion  Of  the  resultant  cntalogne  shall  liavo  shown  what  ad- 
ditional observations  arc  requisite  for  rceonclliniit  any  po.sslble  dis- 
cordances. 

The  observers  at  the  telescope,    by   whom    the   transits  wert? 
registered  and  the  pointings  for  declination  made,  wcro 

Dr.  \V.  Vai.kntinku  for  It!  188  sUrs 

Dr.  K.  IlKiKKU  "      1726     " 

Dr.  H.  O.  v.d.  S.  Bakiiuyzex    ••        61T     •• 
Dr.  K.  F.  v.d.  S.  Hakiii'VZEN     "      1818    " 

each  observer  being  assisted  by  a  rcconler  at  tlio  microscope,  ex- 
cept on  four  dates,  when  Dr.  Ukckku  ob.servcil  alone. 
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Tlic  several  zones  were,  in  jteneral,  alioul.  an  hour  Ion;;,  and  their 
complete  observation,  l();;elher  with  that  of  the  inHtrinnental  con- 
stants and  tiie  determining-stars,  occui)ied  about  three  hours.  On 
many  iii;;hts,  two  zones  were  ol).served,  and  in  some  cases  three. 
The  avera;;e  number  of  stars  in  each  zone  |)nl)lishod  in  vol.  IV 
was  52  ;  tliat  in  those  here  publisheil  was  47  ;  and  that  for  the  whole 
series  was  41)4.  Tlie  niiiiriiilndes  were,  for  the  most  part,  taken 
directly  from  the  Ditiilnnustcninii.  instead  of  bein|i;  estimated  by 
the  observer;  but  wliencver  a  marked  dillerenee  from  the  DM.  was 
noted,  the  fact  was  reconled. 

Tables,  appended  to  the  Introduction,  contain,  for  the  entire 
series  of  zones:  1)  errors  found  in  the  maKnitndes;  2)  other 
errors  detected  In  the  observations,  or  results,  as  printed :  and  3) 
coiTectlons  to  the  Introduction,  the  Standard  Stars,  Tables,  etc. 


Vol.  VI  of  the  same  .Vnnals  contains  reductions  of  former  obser- 
vations, carried  out  in  a  manner  worthy  of  their  authorship.  It 
bejrins  with  an  extended  and  elaborate  investigation  of  the  various 
errors  of  the  Leiden  meridian-circle,  before  it  was  refitted  in  1876, 
wliich  atl'ect  the  determination  of  zenith-distances.  This  portion, 
wliich  is  as  full  of  interest  in  its  discussion  of  methods  as  in 
their  practical  application,  is  followed  l)y  reductions  of  long  scries 
of  observations  published  in  former  volumes. 

Pa;;es  1  to  277  contain  a  large  number  of  determinations  of  the 
zenith  distances  of  lOtj  fundamental  stars,  observed  between  18G4 
Feb.  i;i  and  18<;8  ,Iuly  1.  Among  these  stars  are  a  Lyrae  and  61(1) 
Ci/;ini.  for  which  the  reductions  for  parallax  are  included.  Ou 
pa^es  279  to  389  are  the  reductions  and  resultant  values  for  the  four 
])(>lar  stars,  a,  d  and  a  Ursae  minoris  and  ,">l(//cu.)  Cephei.  Finally, 
on  pages  391  to  412,  are  analogous  new  reductions  for  116  stars,  not 
belonging  to  the  fundamental  list,  which  were  observed  between 
1867  Sept.  17  and  1870  March  11  for  use  in  the  geodetic  survey,  and 
were  published  in  a  less  complete  form  in  vol.  II,  p.  [37]  of  the 
Leiden  Annals. 


Publications  of  tke  Leaudn-  McCormick  Observatory  of  the  University 
of  Virginia.  Oumoxd  Stone,  Director.  Vol.  I,  Part  5.  Durch- 
musternng,  — 23°. 

This  work  is  in  continuation  of  the  Durchmusterung  by  Argel- 
AXDEu  and  Scuonkei-d,  and  comprises  the  degree  of  declination 
from  —23°  0'  to  —24°  0'  for  the  mean  equinox  of  1855.0;  the  total 
number  of  stars  being  6C71,  only  98  of  which  fall  north  of  the 
limits,  and  55  south  of  it. 

The  observations  were  made  at  the  Cincinnati  Observatory,  under 
the  direction  of  Prof.  Stone,  by  himself  and  his  assistants,  Messrs, 
F.  P.  Leavenworth,  H.  C.  Wilson,  H.  V.  Egbert,  and  John 
Jones,  using  equatorial  telescopes  of  4  inches  aperture,  for  both 
the  original  observations  and  the  revision.  These  were  used  with 
a  magnifying  power  of  15,  and  were  equipped  with  a  scale  of  plane 
glass,  divided  into  5'  spaces,  by  which  the  diiferential  declinations 
were  estimated,  while  the  edge  of  the  glass  served  for  chrono- 
graphie  observation  of  the  transits.  The  magnitudes  of  the  stars 
were  estimated  to  tenths. 

For  the  reductions,  each  zone  was  compared  with  the  positions 
in   Oeltzen's  AKGEL.iNDER,   after  referring    these  to   the  epoch 


1855.0.  Tables  were  deduced  from  this  comparison,  giving  the 
corrections  to  be  applied  to  the  observed  places,  and  having  for  argu- 
ments the  time  as  taken  from  the  chronograph  and  the  scale-reading. 
The  magnitudes  were  referred  to  AiuiEi-ANUEit's  scale  by  tables, 
also  constructed  for  each  zone. 

The  resultant  catalogue  contains  the  magnitudes,  right-ascensions 
and  declination  with  the  same  degree  of  approximation  as  that  of 
the  Bonn  Dnrclumislentmj  ■<  aud  in  the  column  of  Hefcren<'cs  those 
stars  are  identified,  which  occur  in  the  Cordoba  Zone-Catalogue, 
the  Argentine  General  Catalogue,  Oki.tzes's  reduction  of  AltOKl,- 
ANDEit's  Zones,  and  the  Washington  Zones. 

It  is  printed  in  large  octavo,  and  is  very  conveniently  arranged 
for  reference,  one  hundred  stars  lieing  given  on  each  page. 


The  Solar  Parallax  and  its  Itelated  Constants,  includi-ng  the  Figure 
and  Density  of  the  Earth.  By  William  IIaukxess,  Professor  of 
Mathematics,  U-S.  A'^avy.  Washington  Ol>servatious  for  1885. — 
Appendix  III.     1891. 

The  fundamental  idea  of  this  elaborate  work,  to  which  Prof. 
IIarkness  has  devoted  his  energies  for  several  years,  is  that, —  since 
a  large  number  of  the  astronomical,  physical  and  geodetic  constants 
are  intimately  related,  —  more  trustworthy  values  for  all  of  them 
can  be  attained  by  the  solution  of  equations  of  condition,  iu  which 
the  best  values  resulting  from  observation  are  introduced  and  com- 
bined with  the  expression  of  their  mutual  relations. 

Consequently,  he  has  collected  the  various  determinations  of  each 
of  the  constants  iu  question,  decided  upon  the  values  to  be  adopted 
in  the  computations,  often  using  the  method  of  least  squares  for 
this  purpose ;  and  has  then  employed  this  method  in  order  to  ob- 
tain a  resultant  homogeneous  system. 

In  this  way  he  deduces  values  for  the  dimensions  and  figure  of 
the  Earth,  the  length  of  the  second.s-pendulum,  the  constant  of 
solar  attraction,  the  eccentricity  of  the  earth's  orbit,  the  length  of 
the  sidereal  and  tropical  years,  the  moon's  mean  motion,  the  masses 
of  Earth  and  Moon,  the  mean  and  surface-density  of  the  Earth, 
the  lunar  inequality,  the  constants  of  precession,  nutation  and  aber- 
ration, the  planetary  masses,  solar  and  lunar  parallaxes,  velocity  of 
light,  etc. 

The  probable  corrections,  to  be  applied  to  all  these  constants  in 
order  to  make  up  a  homogeneous  and  accordant  system,  are  de- 
termined by  a  series  of  adjustments,  and  probable  errors  are  deduced 
for  the  resultant  qualities.  Among  Prof.  H.irkness's  results  are 
the  following :  — 

Earth's  equatorial  semidiameter,        6  377  972  ±  124.8  meters 
"  6  356t27±    99.1 

0"'.99091  +  O"'.O05  29  sin'  <P 

86  1 64.099  65  mean  solar  seconds 

36.5<'  Gh  9™  9».314 

8".809  05  ±  0".005  67 

3  422".542  16  ±  0".  125  33 

20".454  51  ±  0".012  58 


Earth's  polar 

Length  of  seconds-pendulum, 

Length  of  sidereal  day, 

Length  of  sidereal  year. 

Solar  parallax. 

Lunar  parallax. 

Constant  of  aberration, 


A  catalogue  is  given  of  373  works  which  have  been  consulted  in 
the  prosecution  of  the  investigation. 


CORRIGEN^DIBI. 


No.  239,  p.  182,  col.  1,  line  12.     Supply  the  factor      secf      in  second  term. 
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Mr.  Beubekich  of  the  Berliner  Jahrbuch  has  announced  that  the 
asteroid  discovered  by  Ch.\rlois  Feb.  11  {A.J.  167)  is  identical  with 
uo.  208,  Lacrimosa,  the  opposition  of  which,  given  in  the  Jahrbuch 
for  1893,  had  been  computed  with  erroneous  elemeuts. 

The  numbers  of  the  last  three  announced  on  p.  167  will  conse- 


quently remain  as  there  given  (See  A.J.  p.  176).  Those  of  Marcli 
1  and  5  thus  become  306  aud  307,  respectively;  that  of  March  31 
(p.  184),  308;  and  that  of  April  6  (p.  191)  becomes  309.  Tliese 
changes  have  been  made  in  this  Index. 
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